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PBBFAOB. 

The AnDUftl Meeting of the British Association in 1918 was can- 
celled, for the second year in succession, under circumstances (tescribed 
in the Report of the Council included in this volume. 

As in 1917, the Organising Committees of the Sections, having been 
(?mj)owered by the Council to do so, held in the early part of the summer 
such meetings as were necessary to transact such business as was essen- 
tia! in spite of the cancellation of the Annual Meeting, including the 
forwarding to the Committee of Reccmiinendations of proposals for 
tlu‘ appoint merit or reappointment of Research Committees, and for 
^rants of money to some of them. The Organising Committees were 
also empowered to receive Reports from Research (’ornmittees, and to 
u fomiiuMul for pr inting in tlie Annual Report, such of these Reports 
as it was thought undesirable to delay. 

On July />, 1918, in the rocuns of the Lirmean .Society, meetings 
were held of : — 

The (iilouncil, at a.m.. to approve the Report of the 

Council to the (Jeneral Cnminittee. and for other business; 

The «Oeneral Cornniiltee, at 12 noon, to receive the Reports 
of the Council, and of the General Tre.n.surer, to confirm the 
arrangements made in connection with the cancellation of the 
Arirmal Meeting, and for other business; 

The CommitUv* of Recommendations, at 2.30 p.m., to make 
r<‘comrnendations hi the General Comrnittei* concerning the appoint- 
ment of. and grants of money to, Research Committees, etc. ; 

The General ('ommittec. at 4 p.m., to receive the Report of the 
('omrnittee of Recommendations. 

The. present volume contains, as usual, the Reports of the Council 
.«nd of the General Treasurer, and the Ii.st of Research Committees 
apirointed by the General Coininiltoe. The usual lists and other 
records referring to previous meetings arc omitted. For the rest, 
the volume contairrs only the Refiorts of Research Committees, referred 
to above, of which the. General Committee, on the advice of the other 
<ommittees (onoerned, dt'calod that it would he undesirable to delay 
the issue. The Report of the. Meeting of the Conference of Delegates 
of Corresponding Societies, which was held in the rooms of the Geo- 
logi( al Society on July 4, is also included. 
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KKl'OUT OF THE Ct>UNl II.. 


KEl’OliT OF THE C’Ol'XC’lL, 1917 !h. 

1. At their meeting in March the Council recoiw 1 the following 
resolution from the Local Executive Committee at Canliil’; 

“That having fully considered the iiuestion of the vi it of the Hriti'^h 
.\ssociation to CarditY this year, the Committ< e is of opinion 
that under existing circumstances it is dt siraole to postpt n-- 
the visit to the first opportunity after tin- ir. I'lie Com 
mittee is deeply disappointed that ciicumstances over whidi 
it has no control make this course advisalde, but it is of opini'm 
that the visit could not. during the war, be canud out in su. b. 
a manner as the City and district would desire." 

The Council adopted the following resolution 

The Council of the Ilritisli Association have considered the re-o' : 
tion of the Local Executive Committee at Cardit'. in which ibi 
opinion is expressed that it is <le.sirable to ptisipone th»' \isit of 
the .\3Sociation to (’ardilY. The Council sinca-rtly regret the 
necessity fur this tlecision, but under the circumstances fully 
concur in it, and it is, therefore, resohed that tin Meeting .it 
Cardiff be postponed.” 

The following resolution wa.s sabso<iuently pa.ssed by the Parlia- 
mentary Committee and confirmed by the City Council of (!ardifT, and is 
referred lo the General Committee : — 

“ That in order to comply with the formalities of the Association, 
this Committee recommend the ('ouncil cordially to renew the 
invitation (formally presented on the 7th Septeralier, 1916, by 
an influential deputation) to the Dritish Association to visit 
Cardiff in one of the following years, namely: — 1919, 1920, or 
1921, having regal'd to the unavoidable jKistponemenl of ihc 
visit this year, such rencwtal invitation to be made by letter m 
accordance with the nuggestion received.” 

The Council desire to place on record their graleful appreciation of 
the cordial co-operation of the authorities at ('arditT in the di.scu.ssion« 
which have taken place. 

II. The Council discussoil the question of holding a Meeting of tin 
Association or a General Conferenci? in London during the* present year, 
but proposals to such effect were withdrawn. 

Having regard to the cancellation of the Annual Meeting, the Council 
have made arrangements similar to those which obtained la.st year for 
carrying on the necessary bu.sincss of the As.sr>ciation. 

III. The Council recommend that Sir Arthur Evans’ term of office 
President be extended until the beginning of the next Annual Mooting. 

IV. The Association has received from the Royal S'iciety a grant of 
*2501. for purpose.s of research and publication during the current year, 
and the Council returnwl to the Society a most cordial vote of thanks on 
behalf of the Association. 

V. A grant of 01. from the interest of the Caird Fund was made to 
the Committee appointed to arrange meetings, Ac., on Geophysical 
subieots. 
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\ 1. 'I’lic ('oiituil inopost' to ili<‘ rM-ncnil (’omiiiitlfe tlic following 
luMition to tho Kiilcs : — 

111 Uiilc 1, ('hap. X., following the \vor(l« •*. . . to canc«l a ticket 
of admission ulroaily issiusl,” 

" If it appears to the Council that il is not desirable that a person 
■^h til continue to be u Member or As-^ociato of the Association, the Council 
shall direc the (Jeneral Secretarie.s to ascertain whether that pt rson is 
willing to re.sign his memberKhi)) or associatoship. 

“ If thitt person do not, within a time to be fixed by the Council, either 
re-ign or appeal in writing to the (ieneral Committee, the Council may 
deelare hiio to be no longer a Member or .\ss(.ciate. I pon the appeal, 
the (ieneral (!ommittee may make the lik< declaration by a majority of 
two-tliird - of those present and voting. 

“ 'I’he Council shall also have power to refu't' application for member 
sliip t»r as-oeiateship.” 

VII. The (,’ouncil have icceived accoant." from the (ieneral Treasunr 
liuring tlie pa>t year, and th<'‘^( will be presented to the (ieneral Com- 
mittee -abject to audit. 

VIII. The Council recommend to the (Ieneral Committee that, in 
view of the diminution of business coDse(|ueut upon the cancellation of 
the Annual Meeting, there be no change this year in the personml of the 
Ordinary Members of Council, and that the operation of Roles 1 and B, 
Cbap. V., govin-ning such change, be suspended. 

In consequence of ibis recommendation, the Council do not notify the 
nanie.s of any of its members for retirement, and have made no nomi- 
nations of now members. 

IX. The (ieneral Officers liave been nominated by the Council as 
follow.s ; — 

(ieneral Treasurer : l*rof. -1. Terry. 

(iencrnl Secretaries : Prof. W. A. Herdman. 

Prof. II. II. Turner. 

X. CONKKUK.Nl E Ot Dri.F.OA I I> and (’otiUEsrONlnNiJ SOClBTlKh 
COMMITTKK ; 

'I'he followitig appointments have been mad«- by the Council : — 

Conference of Delegates. — Dr. F. A. Bather (Presulevt), Mr. Mark L. 
Syke.s {Vice-President), Mr. W. Mark Webb (Seeretarif). 

Correspond huj Societies Committee . — Mr. W. Whitaker (Chairman), 
Mr. W. Mark Webb (Secretary), Dr. F. .\. Bather, Hev. .1. O. Bevan, Sir 
Edward Brabrook, Sir H. O. Fonlham. Mr. .T. llopkinson, Mr. A. L. 
Lewis, Mr. T. Sheppard, Rev. T. R. R. Stebbiug, Jlr. Mark L. Sykes, 
and the Pre.sident and (Ieneral Oftict'r.s of the .\s-oeiation. 

The Council approved a proposal from the Committee that a 
(Conference of Delegates should be held in London on or about July 4, 
and they therefore made the appointments above mentioned as a matter 
of urgency. 
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LIST OF (J It ANTS, 191 S. 
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1. IieC‘’iri>i j (irantf. of iloin’if. 

Subject for Investijj^tion, or I’urpiwe Mi'inbors of Coniiuilt'-*" •Jnmt'* 
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To arranj^e meetings in the ensu- Chair$Han, Sir K. W. Dynon. Jo o m 

ing year for the dLscussjon of S^t'^rrtary. — Dr. S. (;napmar.. 
papers and rep<»rts on Geophy- Dr. C\ (liree. Sir C harle-s K. CIom , 

Mcal .subj€^c^s, and to co-operaP^ Mr.J. H.Jcan^, rr<»re.*%s'»r A. K II. 

with existing Committees m Love, Major H. G. Lyon*!, IV*- 

making rcoommendatior.*^ fc.'t.s. •!-. H F. Newrall and 4 \. 

the proinotio!! of the .study of Srhuftter, Sir Napier Shaw. Sir 
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Sidgwick. 
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Colloid Chemistry and it- In. 
(logtrml Application^, 


Research on Non- Aromatic Dia- 
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four, Professor A. Keith, .and 
Colonel Wart on. 


To conduct Archicoiegical Invc'*- Chairman,— Protestor J, L, My re^. 1<‘ 0 0 

ligations in Malta Secretary. — Dr. T. Ashby. 

Mr. H. Balfour, Dr. A. C, H add on, 
and Dr. K. R, Marett. 

To report on the Distribution of ! Chairman , — Professor J. L. My res. 1 o 0 

Bron7«‘ Age Implements. 1 Serrefary . — Mr. H. Peake. 

Professor W, Ridgeway, Mr. H. 
j Balfour, Sir C. H. Read, Pro- 
j fessor W. Boyd Dawkins, Dr. 
j R. R. Marett, and Mr. O. G. S. 

I CraaTortl. 


The Collection, Preservation, and 
Hysteinatic Registration of Pho* j 
tographs of Anthro}X)logical j 
Interest. j 


(^hairman . — Sir C. H. Read. 
Secretary, — Dr, Harrison. 

Dr. G. A. Auden, Dr, U. O. Korbo, 
Mr. K. Hcawood. and Professor 
J. L. Myres. 


(» 0 : 

I 


[To conduct Explorations with the 
object of ascertaining the Age 
of Stone Circles. 

(Committee in ekipenee : y rant /or 
continyent liability,) 


Chairman . — Sir C. H. Read. 
Secretary, — Mr. H. Balfour. 

Dr. Q. A. Auden, Professor W. 
Ridgeway, Dr. J. G. Garson, Sir 
Arthur £\^8, Dr. R. Munro, 
Professors Boyd Dawkins and 
J, L. Myres, Mr, A. L. Lewis, 
and Mr. H. Peake.] 


15 d 0 ^ 

j 

i 

i 

\ 

1 



KKSKAUCI! COMMITTEE^). 


Xli 


1. lieeHring OratiU — continue<l. 


; Sobj^l for Iiive«ligaUon, or Purf)O80 , Members of Conimittoo CirAnU 

I 


SBcnoN T*— PHYSIOLOGY. 

£ $.d. 

• The DuclleiJ^^ lihuiib. (^hairman . — Sir K. S. fcJcluifer. i* 0 0 

’ Profe.s8or Swalo Viii> 

I cent. 

i Dr. A. T. Cameron and Trofo^sor 
A. H. Macallum. 


Seotiok K.— botany* 


Kmuiaienlal Studies in 
Physiology of Heredity. 


the 


To cut Sections of Australian 
Fossil Plants, with especial re- 
ference to a specimen of Zygo- 
pteris from Simpson's Station, 
Barraba, N.8.W. 

The Collection and Inrestigation 
of Material of Australian C>'ca- 
daoeie, especially Bowen ia from 
Qneensland and Macrozamia 
from West Australia. 


CkakmM. — Dr. F. F. Blaokoum. 15 0 0 
Mr. B* P. Gregory. 

Profeseore Hateeon and Keeble 
and Miss B. R Saunders. 

f'Aairsiaa.—- Professor Lang. 15 0 0 

Professor T, 0. B. 

Osborn. 

Professors T. W. Edgeworth David 
and A. C. Seward. 

Professor A. A. Law- 7 17 0 

son. 

Secretary . — Professor T. (I. B 
()sl)om. 

Professor A, C. He want. 


S*crio!i L.— EDUCATIONAL SCIENCE. 

The Effects of the •Kree-place* Mr. (\ A. Buckmasler ^ 0 0 

I System of)on Secondary Kduca- iSr^ref ary. —Mr. D. Berridgi?. 

lion. Mr. C. H. lk>tharoley, Miss L. J. 

Clarke, Mi»* B. Koxloy, I>r. W. 

(iarnett, Profe«>«or R. A. 

Gregory, Mr. J, I# Paton, 

Professor H. Bompa«t Smitb, 

Dr. H. Llojd Hnape. arn! Miss 
; Walter. 


CORRESPONDING SOCIETIES. 

Correapondiog Societies Com. ^ Chairman. — Mr. W. WhlUker. ‘.M 0 0 
mittee for the preparation of Secretary.— VLx. W. Mark Webb, 
their Report. ! Dr. F. A. Bather, Rev. J. O. ; 

Bevan, Sir Bdward Brabrook, . 

I ' Sir H. 0. Fordham, Hr. i. 

I Hopkinson, Mr. A. L. Lewis. ' 

{ Mr. T. Sheppard, Rev. T. R, R. 

1 Stebbing, Mr. Mark L. Bjrkes. 

I and tba Preddent and Oenaral 
i Offioeni of the Association. 



REBKAKCH €0MMlTr£E8. 


Kill 


2. Not receiving QranU of Money. ^ 


Subject fur iDTeatigatioo, or PiurpoM 


Members of Committee 


Hbction a.— mathematics AND PHYSICS. | 

Annual Tables of Constants and Nu- , Chairman . — Sir E. Hutlierford, | 

merirul I >ata, chemical, physical, and j Htcretary. — Dr. W. C. McC. Lewis. | 

technological. * 

Calculation of Mathematictil Tables. ’ Chairman . — Professor M. J. M. HilL j 

; Secretary. ^VtofessoT J. W. Nicholson, 
i Dr. J. R, Airey, Mr. T. W. Chaundy, Pro- 
fessor L. N. G. Filon, 8ir G. GreenhlU, 
Professor B. W. Hobeon, Hr. O. 
Kennedy, and Professors Alfred 
Lodge, A E. H. Love, H. M. Mao- 
donidd, O. B. Mathews, G. N. Watson, 
and A G. Wrtwter. 


Invesilgaiion of the Upper Atmosphere. 


Badiotelegraphic Investigations. 


Determination of Gravity at Sea. 


To aid the work of Bstablishiog a Solar 
Observatory in Australia. 


To discuss the present needs of Geodesy, 
including its relation to other 
branches of Geophysics, and to report 
to the next meeting of the British 
Association, with power to present 
an interim report to the Council if 
any question of urgency should 
arise.t 


fSbriraina.— Sir Napier Shaw. 

Secretary . — 

Hr. 0. J. P. Cave, Hr. W. H, Din^, Sir j 
B. T. Olaiebrook, Sir J. Lartnor, ! 
Professors J. B. Petavel and A. j 
Schuster, and Dr. W. Watson. | 

Ckairman.^HiT Cliver Lodge. 

Secretary. — Dr. W. H. Bccles. 

Mr. 8. G. Brown, Dr. C. Chiee, Sir F. W. ; 
Dyson, Professor A. 8. Eddington, Dr. 
Krskine-Murray, Professors J. A. Flem- 
ing, G. W.C. Howe, H. M. Macdonald, 
and J. W. Nicholson, Sir H. Norman, 
Captain H. R. Sankey, Professor A. 
Schuster, Sir Napier Shaw, and Pro* 
fessor H. H. Turner. 

Chairman . — Professor A. E. H. Love. 
Secret ary. W. G. Dufheld. 

Mr. T. W, Chaundy and Professors A. S. 
Eddington, A. Schuster, and H. H. 
Turner. 

Chairman. — Profes«)r H. H. Turner. 
Secretary. — Dr. W. G. Duffield. 

Rev. A. L. Oortie, Dr. W. J. S. Lookyer, 
Mr. F. McClean, and Professor A. 
Schuster. 

Chairman . — Colonel Sir C. F. Close. 
Secretary.^Colonel B. H. Hills. 

Sir S. O. Burrard, Dr. W. O, Duffield, 
Hr. Horace Darwin, Sir F. W. Dyson, 
Sir R. T. Glasebrook, Mr. A. R. 
Hinks, Sir T. H. Hoidich, Piofrssor 
Lamb, Sir Joseph Larmor, Professor 
A. B. B. Ix>ve, Colonel H. G. Lyons, 
Professor H. Macdonald, Mr. R. D. 
Oldham, Professor A. Chester, Sir 
Napier Shaw, Professor H. H. Turner, 
and Dr. O. W. Walker. 


* OfHasdttoMvsoatviarim from the / Osifd FunAV 




XIV 


RESEARCH COMMITrEES 


2. Xot ret*eiciH<j (Grants of Monty -contiiiuoit 


! Subject or Investigation, or Purpose Membfr^ of C'omuuitee 


I Section B.— CHEMISTRY. 

{ Kuel Keuiiumv : Utili»ation ul' Coal. — Mr. Hol»eit n«l 

1 Smoke Pi event ion, , Secrttur */, — 

I The Kt. Hon. I.oul Alleitor.. Mi. Uohert 

j Armiiai^e, Profe.s.sor J. (>. Ariiohi, Mr. 

J. A. F. A.spinall. Mi. A 11. Parker. 
Profoij'^oi P. P Heil>op., Sir (f. T. 
P»eilby, Sir Hugh Hell. Pi Tt -"iur W. S. 
Houlton. Prufe^sor K. liiirv , Dr ('harles 
Carpenter. Sir Hugahl Clerk, Pro- 
fe>sor H. H. Dixon, Dr. J T. Dunn, 
Mr. S. Z. ile Ferranti. Dr. WTlliani 
' Galloway, Pit»fe.s>orx \\\ W. Hahhme 

Geo and Thos. (iray. 'Ir. T V. | 
(treoner. Sir RoK^rt HadfieM, Dr. H S. j 
; Hele-Shaw. Dr D H. He pn, Dr. (;. | 

Hickhng. Mr. Urevil Jones. Mr. W W. | 

J r^ackie, Mi Miehael lAingiulge, Dr. 

: J. \V Mellor. Mr C H Mer/. Mr 

' Bernard Moore. Hon. Sir Charles i 

. Parsons, Sir Richard iiedniayne. Pro- ! 

j feasors Uip|>cr and L. T O'Shea. Mr ; 

R. P. Sloan. Dr. J. K. Stead. Dr. A. 

, Stmhan, Mr. C. E. Stromeyer, Mr 

! Benjamin Tallx>r, Profe4Ntor R. Threl- 
i fall, Mr, G. Blake Walker. Dr. IL V. 

I Wheeler, Mr. B. W. Winder, Mr. W. B. 

Woodhouse, Profe«K)r W, P. Wynne, 
j and Mr. James Yates. 

Abaoiption bpectra and Chemical Con- C%airma/i.—tiir J. J. Dobble. 
etitation of Organic Compounds. Professor K. E. Baly. 

Mr. A. W. Stewart. 


I Section C.— GEOLOGY. ; 

; To investigate the Geology of Coal- fMairman.— Professor W. S Boulton. 

I beamn. . Dr. W. T. Gordon. 

I I Mr. G. Barrow, Profeasori) Sir John 

I ' Cadman. Grenville Cole, and W. G. 

j i FeammdcH, Dr. J. S. Flott, Dr. Walcot 

I Oibflon, ProfeeiiorB J. W, Gregory and 

P. K. Kendall, Dr. R. KidMton, l^ofca- 
sor T. h\ Hibly, Dr. A. Htrahan, and ! 
t Mr. J. H. U. Wilson. I 

; i I 

j The Old Red Sandstone Rocks of | Chairman. — Frofeasor Orenville Cole. 

; Killorcan, Ireland. , Secretary. — Profesaor T. Johnaon. 

' Dr. J. W. Evana, Dr. R. Kidaton. and | 
I j Dr. A. Smith Woodward. | 

I To isveatigate the Flora of Lower Car- | Chairman. — Dr. R. Kidaton. j 

boniferous timea as exemplified at a j Secretary. W, T. Gordon, 
newly^diacovered locality at Gullane, j Dr. J. H. Flett, Professor K, J. Garwood, | 

1T» ^ nirk_-tfpir»'nN- n ' 



RESEAHCB COMMITTEES, 


XV 


2. Sot rtceivmg <>A continued. 


Kiibji ctfor hivesU^ation, i»r Purpofte 


To cxcavato < riticjil ScctionH in the 
Pal.eoaoic Kocks of Knglutul and 
\Vah‘H. 


To ox<‘avate t’jiliral Sootioiih in Old 
Ked tSandht^ne llork^ at Uliynit*, 
AlH'rdcon>!i: ’ c» 


ro conHlder ilic Nomenclature of the 
Oarb<mifer< uM, Permo-carboniferouh, 
and Permian RockJ< of the Southern 
Hemis|ilierr 


i 

I To conaider the prepara tidn of a Liat 
I of Characteriiitic Foseila. 


The Ck>nectloii, Preeervation, and Sys- 
tematic Hegistration of Photographs 
of Geological Interest. 


Membeni of Committee 


f'hittrman , — Professor W. W. Watts. 
Sei'Tt tary . — Professor W. G. Fearnsides. 
Professor W. S. Boulton, Mr. B. S. Cob- 
Professor E. J. Garwood, Mr. 
V. C, Illing, Dr. f/ripworth, and Pro- 
ie^sov J. K. Marr. 


(It airman, — Dr. J. llorJiC 
Secretary, — Dr. W. Mackie. 

Drh. J. S. Flett, W. T. Gordon, (i. I lick - 
ling, H. Kid>ton, B. N. Peach, and 
D. M 8. \Vatsr»n. 


(Itairman . — Pmfessor T. W. Edgeworth , 
David. I 

StcTctary, - Professor E. W. Skeats. J 

Mr. W. S. Dun, Professor J. W. Gregory, ; 
Sir T. H. Holland, Messrs. W. Howchin, ’ 
A. E. Kithon, and G. W, Lirmplugh, 
Dr. A. W. Rogers, Professor A. C. 
Bewanl, Mr. D. M. 8. Watson, and 
Professor W. G. Woolnough. j 


Chuirfnan , — Professor P. F. Kendall. 
Secretary . — ! 

I^feesor W. 8. Boulton, Professor G. 
Cole, Dr. A. B. Dweiryhonse, Professors 
J. W. Gregory, Sir T. H. Holland, 
and S. H. Heynolds, Dr. Marie 
C. Slopes, Professors J. £. Marr and ! 
W. W. Watte, Mr. H. Woods, and 
Dr A. Smith Woodward. i 


CMrmnH . — Professor B. J. Garwood. 
Srcrefaty.— Professor S. H. Reynolds. 
Mr. O. Binglej, Dr T. G. Bonney, Messrs. 
C. V. Crook, R. Kidston, and A. S. Rdd, 
Sir J, J. H. Teall, Professor W. W. 
Watte, and Messrs. B. Welch and W. 
Whitaker. 


Skotion D.— zoology. 


To nominate competent Naturalists to Chairman and Seeretary.^Frotwm A. 
perform definite {deces of work at Dendy, 

the Marine Laboratory, Plymouth. Sir B. Ray Lankester, Professor J. P. 

j Hill, and Mr. B. S. Goodrich. 


Zoological Bibliography and Publioa* \ Chairman . — Professor B. B. Ponlton. 
tion. Secrriaty. — Dr. P. A. Bather. 

' Mr. B. Heron>AlIen, Dr. W. B. Hoyle, 
and Dr. P. Chalmen Mitchell. 



xvi 


RESEARCH COMMITTEES. 


2. ?f 0 t rec^i^ng Orants of Money — continues). 

Subject for InTesitgatiou, or Purpose Members of Committee 


Section F.— ECONOMIC SCIENCE AND STATISTICS- 

Industrial Unrest. ; 6^/UiirmaH,— l^fessor A. W. Kirkakly. 

Secretury . — 

Sir H. Bell. lit. Hon. C. W. Bowerman. 
Professors S. J. Chapman and E. C. K, 
j Qonner, Mr. H. Gosling. Mr. G Pickup 
I Holden. Dr. O. B. Hunter. Sir C. W. 
Macara. and Professor W, R. Scott. 


Section G.— ENGINEERING. 

I To consider and report on the Stan- Chairman . — IVofessor W. H. Warren, 
dardisation of Impact Tests. Secretary. — Mr. J. Vicars. 

; Professor I’aync and Mr. E. H. Sainter. 


I Section K.- 

! To consider and report upon the neces- ; 
i sity for further provision for the 
j Organisation of Research in Plant | 
Pathology in the British Empire. j 


i 


To consider the p05isiinlilie« of inve^sti- 
gallon of the Ecology of Fungi, and 
assist Mr. J. Ham^botrom in his 
initial efforts in this direction. 


The Investigation of the Vegetatior of j 
Ditcham Park. Hampshire. | 


The Structure of Fossil Plants. 


To consider and report upon the neces- 
sity for Further Provision for Train- 
ing and Research in HorUculture. 


-BOTANY. 

Chairman . — Professor M. i\ Potter. 
Secretary . — Dr. E. N. yhoinas. 

Professors BitTcn and V. II Blackman. 
Mr. Brierluy, Mr. K. T. Brw>ks. Mr. 
Cotton, Professors Groom and T. John- 
son, Dr F. Keeble. Mr Pethybridgc, 
Mr. J. RamsUittom. Mr Kobin'*on, Dr, 
E J. Ruhs^U. Mr. K. S, Salmon, Mis- 
Ix>rrain Smith. Mr. H, W. T. Waget . 
and Miss Wakefield. 

Chairman. --•Dr. H. W. T. Wager. 
SiTrt^farirf. — Mr. .1. Ramshfittom ami 
Miss A. Lorrain Smith 
Mr. W. B. BricrU v. Mr F T. BnK»ks. 
Mr. W. N. (.Jheesrnan. Prf;fe.s-»or 1 
Jiihnson, Dr. C. E. Moss, Professor 
M. O. Potter, Mr. L, CarlcUin Rea, and 
Mr. K. W. S wanton. 

f.hairman. — Mr A. G. Tansley. 
Secretary. — Mr. R 8 . AdarnfM>n, 

Dr, C. E. Moss and Professor II. H, Yapp 

Chairman . — Professor F. W. Oliver. 
Secretary . — Professor F. E Weiss. 
Professor A. C. Seward and Dr, D. H, 
Scott. 


Professor Bateson^ Mr. F- T. Brooks, 
Dr. A. B. Rendle, Sir Albert Rolllt, 
and Dr. B- N- Thomas. 



jRESEAHCH COMMITTEEB, 


xm 


2. Not receiving QranU of Money — continuerL 
Subject for Investigation, or Purpose Members of Committee 


Section L.— EDUCATIONAL SCIENCE. 

Vo consi^ler the relations bct\vcc‘n the J Chairman , — Sir Napier Shaw. 

State and Education, and the mOcins i Sreretary, — Mr. D. Perridge, 
of g^iving effect to proposals for j 
Educational lleforin. 

The Influence of School Books upon Chairman, — Dr. O. A. Auden. 

Eyesight. ; Storetary, — Mr. G. F. Daniell. 

; Mr. C. H. Bothamley, Mr. W. D. Kggar, 
f Professor R. A. Gregory, Dr. N. Bishop 
Harman, Mr. J. L. Iloiiand, Dr. W. E. 
Surapner, Mr. A. P. Trotter, and Mr. 
j Trevor Walsh. 

To consider and report u|Kjn the nieth<Ml | (liairman. — Professor K. A. (Gregory, 
and substance of Science Tejiching in ’ Secretary, — Dr, E. H. Tripp. 

Secondary Schools, with particular ; Mr. W. Aldridge*. Professor 11. K. Arm- 
reference to it.s essential place in j strong, Mr. 1>, I'erridge, Mr. C. A. 
general Education. Pmc'kmaster, Miss L. J. Clarke, Mr. 

U, F. Daniell, Miss I* M. Drummond, 
Ml . G. D. Dunkerley, Miss A. E. Escott, 
Mr. Cary Gilson, Mis.s C. L. L#aarie, 
• Profe**sor T. P. Nunn, and Mr. A.Vassall. 

• 

To iiKjuire into the pno j.^ion of Educa- i'hairman, — Profes.<or H. K. Armstrong, 
tiona) (’‘hart,>and Pictnre«- foi <li<play Secretary, — Profe.-^s<»r R. A, Gregory, 
in schools. Mr. J> Bcrridge, Mi-n'- L. J, Clarke, Bliss 

Drummond, Mr. O. J. R. Howarth, 

' Sir Napier Shaw, and Professor H. H. 
Turner. 

CORRESPONDING SOCIETIES COMMITTEE. 

T4> take siej>h to obtain KentV Cavern Chairman, — Jlr, W. Whitaker. 
fi>r the Nation. Secretary, — Mr. W. M. Webb. 

Mr. Mark L. 8yke>. 






xviii UKSKAHCH CC>MMin‘EKS. 

Rkskauch Committees ‘ in SrM’KN'^ic/ 

The ^York of the following Cominitteos is in siis()ense until further 
notice. The personyiel of those Goininittees will be found m the Rei)ort 
for 1917. 

SKeTIOX l;.— CIIEMISTUV. 

To report on the i>olanical and Chemical Character^ ot ilu* Eiu alypu aiul ihcit 
Correlation. 

Dynamic Isomerism. 

Chemical Investigation of Natural Plant Products of Victoria. 

BBCTION D.— zoology. 

An i nvestigation of the Biology of the Abrolhos Islands and the North-west Coast 
of Australia (north of Shark’s Bay to Broome), with particular reference to the 
Marine Fauna. 

NoioenolatOT Animalium Oenera et Sub-genera. 

To obtain, as nearly as possible, a Representative Collection of Marsupials for 
work upon (a) the Repnxlnctive Apparatus and Development, (d) the Brain. 

To aid competent investigators selected by the Committee to carry on dednito 
pieces of work at the Zoological Station at Naples. 

To summon meetings in London or elsewhere for the consideration of matters 
affecting the interests of Zoology or Zoologists, imd to obtain by correspondent; 
the opinion of Zoologists on matters of a similar kind, with {X>wer to raise by 
subscription from each Zoologist a sum of money for <lefniying current expenses of 
the Organisiition. 

SECTION E. i'.KOGKAPHV. 

To aid in the preparation uC a Uathv uictrical (’hatr of the Suatlicrn Ocean 
between Australia and Antarctic.!. 

SECTION C. KNOI.NEEIUNo. • 

To report on certain of the more complex Stress I)i>ti’ibutions lu Kngineoiing 

Materials. 

The investigation of Gaseous Explo>ion.«'. will, ^pfoial r^^ferenre to 'rem|>erature. 

SECTION H. - ANfflROi OI.Ota'. 

To comlupt Kxplorati' fiS with the ohjeet of *‘rtaining the Age of Htonr ('irch'’*. 

To investigate and tain fh«' Di-f ot Artificial in the I.ocIih 

of the Highlands of Scotland. 

To investigate the i*hy''ical tJharactcr> »'f tho At.riorjt KgNptinnH. 

To conduct Archaeological and Ethnological Researches in Crete. 

The Teaching of Anlhrop<dogy, 

To prc{>are and publish Miss Ryme’s Gazetteer and Map of the Native Tribt*> 
of Australia. 

To excavate Early Sites in Afacedonia, 

To conduct Anthropometric Invesiigaiions in the Island of Cyprus. 

To investigate the Lake V’illages in the nelghlK)urho<jd of Glastonbury in connci'* 
lion with a Committee of the Somerset .Vrcheeological and Natural History Society. 

To co-operate with I^cal C’ommiltecs in Excavations on Roman Sites in Britain. 

SErriON K. — BOTANY. 

To carry out a Research on the intlucncc of varying j^mreentages of Oxj'gen and 
of various Atmospheric Pressures upon Geotropic and Heliotropic Irritability and 
Curvature. 

The Renting of Cinchona Botanic Station in Jamaica. 

HKCTION L.— ‘EDUCATION. 

To inquire into and report upon the Methtxls and Results of Research into the 
Dental and Physical Factors involverl in Education. 

To examine, inquire into, and report on the Character, Work, and Maintenance 
of Museums, with a view to their Organisation and Development as Institutions for 
Education and Research ; and especially to inquire into the Requirements of Schools. 



SYNOPSIS OF OEANT8 OF MONEY. 


xix 


Siputpsis of Grants of Momy apjpr&priated for Scientific Purjmes by 
the General Committee at the Meeting in London, July 5, 1918. 
The Names of Members entitled to caW on the General Treasurer 
for Grants are prefiated to ths respective Committees. 

Seeticn A. — Mathsmatieal and Pkyneal Sdsnes. 

£ s. d. 

*TiunDer, Professor H. H. — Seismologioal Investigations 100 0 0 

^Dyson, Sir F. W.—Geophysiml Disonssions 10 0 0 

Section B. — Chemistry. 

*Donnan, Professor F. G. — Colloid Chemistry and its 

Industrial Applications C 0 0 

*Chattaway, Dr. F. D. — Non-Aromatic Diazonium Salts 7 7 8 

Section D. — Zoology. 

• Bateson, Professor W. — Inheritance in Silkworms 17 0 0 

Section F. — Economic Scietice and Statistics. 

•Scott, Professor W. R. — Women in Industry 10 0 0 

•Scott, Professor W. R. — Effects of the War on Credit, Ac.... 10 0 0 

Section II. — Anthropology. 

•Marott, Dr. R. R.— Pala*olithic Site in Jersey 5 0 0 

•Myres, Professor J. L. — Archneological Investigations in 

Malta 10 0 0 

•Myres, Professor J. L. — Distribution of Bronze Age Imple- 
ments 10 0 

• Hoad, Sir C. H. — Collection and Registration of Photo- 

graphs of Anthropological Interest 10 0 

• Read, Sir C. H. — Ago of Stone Circles 16 0 0 

Section I. — Physiology. 

'‘Schafer, Sir E. 8. — The Ductless Glands 9 0 0 

Section K. — Botany. 

•Blackman, Dr. F. F. — Physiology of Heredity 15 0 0 

•Lang, Professor W. H. — Sections of Australian Fossil Plants 15 0 0 

•Lawson, Professor A. A. — Australian Cycadacecs 7 17 0 


Carried forward ^^888 4 8 

* Kaappointed. 



XX 


CAIRO FIND. 


£ a. </. 

l>rou!?ht forward 288 I k 

6Vt’//ou L. — EducatiotMl ^Vit’ »»<■«. 

*Buokmaster, Mr. C. A. —The *Froc-place’ Sy-tiieiii . 0 <> 

Corr<spondi)tg Societieii Coniinlft'^t 

•Whitaker, Mr. W. For Preparation of Report 2j 0 <» 

Total A 268 i H 


Cairo Fund. 

An ouoonditional gift of 10,000/. was made to the Association at tb e 
Dundee Meeting, 1912, by Mr. (afterwards i^ir) J. K. Caird, LL.D., of 
Dundee. 

The Council, in its report to the General Committee at the Bir- 
mingham Meeting, made certain recommendations as to the administra- 
tion of this Fund. These recommendations were adopted, with the 
Report, by the General Committee at its meeting on Heptembcr 10, 1918. 

The following allocations have been made from the Fund by the 
Council to September 1918 

Naples Zoological Station Committee (p. xix). — 60/. {1912“18) ; 100/. 
(1918-14) ; 100/. annually in future, subject to the adoption of the Com- 
mittee’s report. /Reduce<l to 50/. during war.) 

Seismology Committee (p. xii). — 1001. (19.18 14); 100/. annually in 
future, subject to the adoption of the Committt'c’s report. 

Badiotelegraphic Committee {p. xvi). — '>001. (1918-14). 

Magnetic Re-suruey of the British hla (in collaboration with the 
Royal Society).— 250/. 

Committee on the Determination of Cimviti/ at Sea (p. xvi).— 100/. 
(1914-16). 

Mr. F. Sargent, Bristol University, in connecticn with his Astro- 
nomical Work.— 101. (1914). 

Organising Committee of Section F (Economics), towards expenses oj 
an Inquiry into Outlets for Labour after the TFar. — 100/. (1915). 

Rev. T. E. R. Phillips, for aid in transplanting his private observa- 
tory. — 20/. (1915^. 

Oceanographical Laboratory, Edinburgh.— 1001. (1916-17). 

Committee on Fuel Eeonorm.—^l. (1916-16). 

To arrange Meetings and Discussions on Geophysical Subjects. — 6/ . 
(1917-18). 


Sir J. K. Caird, on September 10, 1918, made a further gift, of 1,0001. 
to the Association, to be mvoted to the study of Radio-activity. 


* Reappointed. 
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SeiHinoltnjin/l I nre>iti<jationti. —TiLuntif-lhiril lirport nf the Coni' 
luittfc, iiomHling n/ l’rof<‘SKor 11 . II. Tubner (Chairman), 
Mr. J. .r. Shaw {Secretanf), Mr. C. Vernon Boys, Dr. J. E. 
('romrik, Mr. Horace Darwin, Dr. C. Davison, Sir F. W. 
Dyson, Sir B. T. Glazerrook, Professors 0. G. Knott and 
H. Lamr, Sir J. Larmor, Professors A. J). H. Love, H. M. 
Macdonald, J. Perry, and H. C. Plummer, Mr. W. E. 
Plummer, Professors B. A. Sampson and A. Schuster, Sir 
Napier Shaw, Dr. G. T. Walker, and Dr. G. W. Walker. 

General. 

Owuro to the cancelling of the Cardiff meeting proposed for 1918 and 
to other reasons connected with the war, the present Report is made brief. 
It has been drawn up by the Chairman. 

The Committee asks to be reappointed with a grant of 1001. (inclnding 
printing), in addition to lOOi. from the Caird Fund already voted. The 
grant wm formerly 60f., with lOl for printing ; 1301. in all ; but during 
the war it has been reduced to lOOf., partly to meet the need for economy, 
partly because the printing hna nocessanly been less. The Government 
Grant Fund administered by the Royal &ciety has voted a subsidy of 
200/. for 1918 as in recent yeur.s. With the above modification the budget 
remains practically the same as given in the Twentieth Report. 

Owing to business reasons connected with the war, Mr. J. H. Burgess 
found it necessary to leave the I.^le of Wight at the end of March, 1918. 
For half a dozen years he h.ad devoted a considerable portion of his time 
(nommally one-half, but this was often exceeded in his enthusiasm for 
seismolog)) to the work at Shide. The (’ominittec is greatly indebted 
to him for his prompt and valuable help when the sudden death of John 
Milne in 1913 left them in face of a threatonod break in the work. Thanks 
to the special knowledge Mr. Burgess had acquired in working with Pro* 
lessor Milne, discontinuity was avoided, and whatever changes are found 
necessary in the future can be made with full consideration. 

Mr. W. Pring remains at Shide for the present, though it Ls impossible 
to predict the length of his stay under present war conditions, which 
have already somewhat reduced the time he b able to devote {chiefly in 
the evenings) to seismology. His knowled^ of Ru.ssian, which originally 
brought him into contact* with Professor Milne, has been an importwt 
asset throughout, and has recently proved siwcially valuable in supplying 
translations of papers otherwise inaccessible. 

The routine work generally is now in the hands of Miss Caws, who 
had been trained in it by Mr. Burgee. As a safeguard ^inst her illness, 
and to enable her to take an occasional holiday, Miss £. F. Bellamy, of 
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the Oxford University Observattny. has been instructed by Miss Caws 
in the work, and underto(»k the routine observations during the absence 
of Miss Caws from the middle of .lulv to the middle of August. It is 
proposed to set up at least one Milne-Shaw seismograph at Oxford under 
Miss Bellamy's care. Mr. .lames Walker has kindly placed at the disposfil 
of the t.’ommittee tlie bas<*ment of the Clareiuhm Taiboratory in which 
Mr. C. V. Bovs matle his gravity determination. The suitability of 
Oxford as an obsi'rving site can thus be tesU'd under g(M»d conditions, 
and the results of the tests in a ba.sement of that character may have 
an even wider application when plans for the future come to be disciussed. 

Finally, since the departure of Mr. Burge.ss naturally reduces the 
w»>rkiug power of the .staff. Miss Bellamy has been definitely transferred 
bo the seisnmlogical service for the jire.sent. This transference was approved 
by the Board of Visitors of the Oxford University Olwervatory ‘ as a 
provisional and po.ssibly temporary arrangement ' which * is not to pre- 
judice the re.sumption <<f her p<*sition a.s Assistant [in the Univ'ersity 
Observatory] at the conclusifm of the experiment, shouhl that be her 
wish.’ The nature of the experiment hiTe mentioned has perhaps been 
sufUciently indicated, but a few words of explanation may l)e added for 
the .sake of clearne.s.«. 

It was mentioned in la.st year*." Report that the (pie.stion «)f the future 
of seismology had attrai ted the attention of more than one body. liesides 
our own Committee, the (feodetic Committee of Section A of our A.s.socia- 
tion, in discu.ssing plaii.s for a Geodetic Institute, were led to consider 
the possible as.sociation. in "tieli an institute, of other branches of Geo- 
physic.s with (reoch^y. It was further mentioned that the Gemletic 
Committee luul thereupon been .suitably enlarged for the purposes of 
this discussion; ami it shouhl ]>erhaps liave been adderl that they had 
been invited by the Conjoint Board <*f Scientific, S<»cieties to act as their 
Committee also, an«l to report to them as well as to the British Ajssocui- 
tion — and had, with the approval of the Council of the British A.ssociation. 
accepted that invitation. 

Their rejjort wa.s in favour of the a.ssociatitm of the three braiiche.s 
Geode.sy, S«>isinology. and Tirles in one Geophy.sical Institute. It was 
generally approved Ijy the Conjoint Board, who ajipointed a small Execu- 
tive Committ<*e to formulate definite plntts. 

The transference of .some of the Shidework to Oxford during the next 
year or two Is definitely not intended to prejudice, or to emoarrass in 
any way, the discussion of these ]>lans. But since we are in several 
re.spects somewhat in the dark (e.gr.,as to the precise value of a ba.sement 
a.s a site for in.strument.s, of a University as a centre of organisation, See.), 
the tran.sfercnce will provide ex]>erience which may |>ossibly be of some 
assi.stance to the dlscus.sion. Meanwhile, it is also the simplest solution 
of the question of ways and means at the present rather difficult time. 

/nstrurnentai. 

The wireless time-signals have been received at Shidc regularly, with 
some interruptions owing to derangement of the apparatus. The transit 
lent bv the Royal Astronomical Society has been in reserve, but not mucli 
used auring the year. 

Towards the end of 1917 the temporary u.se of a ‘ dug-out,’ constructed 
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for military purpoMOH. wus offered to Mr. Burgeaa, and the opportunity 
was taken to niaTfe some experiments. With Mr. Shaw’s help the Bfilne- 
Buigcss machine was dismounted from its pier at Shide, and remounted 
in the dug-out some fe.w miles away. At some considerable personal 
trouble and incoavenionce Mr. Burgess kept the machine running for a 
few weeks. [It w'as necessary to keep a pump going to avoid having 
the dug-out flooded.] No very satisfactory results were obtained, the 
wandering of the trace being just as .serious as at Shide, and the experi- 
ments came to a natural end when the dug-out was reclaimed for miktar>' 
purposes. The main conclusion which emerged from the experiments 
was that rain had mor<* to do with the w’andering of the trace than had 
temperature. After rain the lines became much congested : when the 
rain r«'a.sed tliey were unusually e.vpanded, returning to the normal separa- 
ti<m when the w'eather had been fine for a few' days. The inference 
seems to be that th(* w(*tting and drying of the ground caused slow move- 
ments in ojipo.site <lirections — a conclu.sion in accord with previous ex- 
perience at Shide. The dug-out was m a clay soil, which doubtless 
empha.si8(‘d tla* effects. 


MiliieShato Seistnograph^. 

Several of the>c machine.s are nearing com2»h‘tion ; that intended 
for Oxbjrd is fini.-hed. ami will b«- erected as soon as ])o.s.sibIe. 

(\nferlions to Adopted Tohhs. 

The work oi di.sentangling the corrections to the adoj^ted tables from 
other errors is attended w'ith c»»nsiderable difficulties, but nothing is more 
important, if tie- j)hases are to be rightly identified ; and although pro- 
gress is slow, th«‘ ground is being steadily cleared. One set of difficulties 
arises from ignorance (d the clock errors, which may be expected e.sj)eciaUv 
at «)utlying .st.ititais. Hecent e.vpc'rience aroused the susjiicion that 
these are often consi«leral)le, .so that accurate intervals S — P arc* attended 
by unexpectedly large errors in S and P sejiarately. The experience 
here referred to is derived from the re-n*duction of a nmnber of the best 
iibserved earthqnak<'s after applying the corrections to tables deduced in 
the last r('port, and carefully correcting the position of epicentre. 

Hence attention was recalled specially to the investigation in the 
Introduction to ‘ The Large Earthquakes of 1913,’ p. iii, wnich was con- 
fined to the use of intervals S — P, free from clock errors. This investigation 
gives no information about S and P separately which will enable us to 
correct the tables, and was naturally followed by a more comprehensive 
analysis where S and P were kept separate, the results of which were 
given in the Twenty-second Report. Table II. We may denote these two 
inve.stigations by the symbols (1913) and (22) respectively. 

Now for the smaller values of A (1913) differs essentially from (22), 
as is seen from Table I. below*, and we must determine which is nearer 
the truth. For thi.s the following method suggested itself. 

Pairtt of attUiom on Opposite sidee of the Epicentre. 

Any pair of observing stations on directly opposite sides of the epi- 
centre give a check on the values of S — ^P. Suppose for simplicity we 
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had two stiitions, A and Z, at ends of a diameter of ilie earth, and the e|)i- 
centre E lay midway between them, so tliat KA EZ^ ’K)^ for which 
the tables give S— r=t)58 seconds. We are suggesting that this ought 
to be 658s. — 17s. = 611 seconds. If we are right, then 611 seconds will 
bq observed at both A and Z. In proceeding to detiTiuiih* the < picentro 
we may use A alone (for in practice A may not l)e a single 'station butt lio 
whole body i»f Kuropeau statituis). and using our erroio n\is tables wt* 
should put the epicentre only 86"'8 fri)iu A, and therefi>re fr(»m Z ; 

so that the id)st‘rved 611 st*eoiuIs at Z would bt* doubly if defect, sine o 
for 93^*2 the tables give 674 sc'Ccuids. However we chtermim* the 
epicentre (provided A* and A a are not too umNjUal), tliis liiuible defect 
of 33s. or 3L''. will be shared between A and /. Two surh antipodal 
stations are si>eeia!Iy valuable In'caiise we cannot altc‘r tin sum of tlie 
two distances ( A^*!- Aj) by changing thc^ azimuth of the epi* rntrc‘ : and 
oven when the antipcMlal condition i.'^ not cpiite fultilled (as, say. for Pulko\ o 
and Riverview, which are about 1 ajMrt) a change of azitnuth makes 
very little change in A^---A/ Ft»r pairs of stations (4*-ei to th** 
epicentre, the azimuth is oftc'U well determined by otlier st:ition> ; and 
unless they are verA' close to tht* epicentre' the* aziffoith c'rror only atb c is 
(Ai f- Aa) to the secfuid orde r. Ile'iire w<‘ have* a goc^l che’c k on flu* 
values of S — P. The folh)wing sati.sfactory instance.s were coIlc*c‘te*d ffiun 
the published results of 1913, 1914, 1915. They are worth giving in 
detail to show the good accord^anre. 


Table I. • 

Pair$ of StcUiom on opposite sides of the Epicefdre. 



At 

Aj 

1 Mean 


(8-P), ’ 

Me«ii 


C 

o 

c 

K 

te. 



6-0 

69 

6*4 

* 39 

-10 

+ 14 


7*0 

18*7 

12 8 

0 

4- 7 

+ 4 


59 

19*0 

J29 

f22 

4- 6 

+ 14 


50 

20*4 

13*2 

- 7 

0 

+ 4 


7*8 

20 0 

13 9 

4 12 

4-26 

+ 19 


1 9*9 

194 

146 

i 30 

2 

+ 14 


90 

22 3 

16 1 

^ 4 

-f 8 

4" 6 


186 

23 1 

20 -H 

4- 1 

^21 

- 10 


14*8 

300 

, 22*4 

: 14 

-10 

a 2 


22*8 

362 

205 

-- 3 

- 5 

4 


26*3 

368 

31 6 

1 

- 4 

o 

i 

20*8 

r;3 1 

37*0 

8 

21 

— 6 

/ MS 

49^ 

374 

1 

f 4 

2 

f m 

184 

52 3 

2 

9 

* 4 

1 402 

09 5 

MH 

32 

15 

- 8 

\ 

663 

67 0 

- 9 

-»2I 

15 

\ 41-2 

WI*0 


20 

-10 

^15 

t 4A-0 

662 

67 l 

^20 

-24 

- 22 

566 

79 1 

68*6 

-27 

-10 

IH 

fi03 

665 

69*4 

- 8 

-12 

- 10 

1 48'9 

906 

69*8 

-^13 

3 

- 8 

1 

65*6 

751 

703 

12 

-16 

14 


665 

73*5 

71*0 

^-12 

10 

- 11 


436 

90*9 

72*6 

- 8 

11 

-10 


63^ 

81*4 

726 

- 1 

- IS 

- 9 


66*1 

816 

; 73*8 

i + 3 

-14 1 

- 6 



ON SEISMOLOOICAL INVESTlOATlONj^. 


7 


Forming grouj)h of tlifs** u<‘ cihtuiu flic menn values of Table If. : — 


Tamlk ir. 

Suggested Corrections to Tabular S — P. 


No, m (Iroup 

Mpuii a 

Mr;an Oirrection 

(1918) 

(22) 

1 

o 

h. 

8. 


Hi 

i !4 

+ 4 

4 

4 

Mi 2 

^ 10 ' 

4* 8 

8 

4 

18*5 

: :i 

^ 3 

- 8 

4 

Xi *> 

4 

-10 

13 

2 

AH n 

0 

7 

fi 

n 

fiH’2 

lA 

4 

- G 

0 

72 1 

10 

r J 

- H 


We iiift-r that for the smaller vahu's of A at any rate the investiga- 
tion (lOl'i). in which only JS — P was is to be prefeiTed to (22). in 

which S aiul P were treated .separat<-ly. 

Observations of PR, and SR,. 

But a knowledge of S — P will not suffice to coirect the separate 
tables. We must find some other way of doing this, and recourse was 
had to the observations of PR, and SR,. 

W^c shall first assume that these represent reflections at the mid-point 
without loss of time. Thus PR, is a P wave reflected at the mid-point 
(M) between th<v epicentre (£) and the observing station (0) so that 

E0=2EM*= A f 

and the time for PR, is twice that for EM or a/2. 

In Table III. the fint column gives A and the second gives the observed 
value of ^(S-pP) — PR,, or as we may write it |(S—P)-f-P — PR,, which 
is nearly constant. The observations were collected from the records 


Tabi.f. III. 


A ; 

Obsd. 

Tables 

O'-C, 

0-0, i 




B. 

- ! 

23 

77 

98 

-21 

-16 

28 

75 

102 

-27 

-14 1 

33 

80 

103 

-23 

- 9 

38 

83 

100 

-17 

- 2 

43 

88 

95 

- 7 

^ 5 

48 

01 

88 

-4-3 

MO 

53 

95 

85 

+10 : 

-4-10 

S8 

98 

83 

+ 16 

-4-10 

63 

)02 

82 

-4-20 1 

+ 8 

68 

106 

83 

-4-23 i 

+11 

73 

109 

87 

+22 i 

+11 

78 

109 

98 

1 -4-17 i 

® 1 

83 1 

100 

92 

-4-14 

- 9 1 

88 I 

1 106 

96 

1 + 9 ' 

-4- 7 1 

03 

102 

\ 101 

1 + » i 

-4- 4 


of several observations, especially Pulkovo, in the years 1914: and 191G, 
and are fairly numerous lor all out the sniall values of A. The actual 
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llgiiros given in the table were read from a smoothed curve. In the third 
column is given the corre.sponding quantity calculated from the adopted 
tables in u.se. followed in the fourth column by the diffenmees 0— C|. 
In the next column 0 — Cj is shown the effect *of correcting these tuble.s 
as in Table II. of the 22nd Rejmrt. It is j.een at a glance that the tables 
are considerably in error, and that the sugge.sted corrections reduce the 
errors. But before tleciding to attempt any further reduction let us 
turn to the observations of SR,, of which the “following were collected 

T.vulk fV. 

Obserrrd Values o/SR,. 


S V 

SRi-s 

i>in. 


Dirt 


H. 

*i. 


s. 


149 

214 

.">74 282 

292 


I4ti 

220 

.'»78 2!t 1 

287 

:M2 

162 

210 

.'.83 2‘.)7 

286 

:jo7 

195 

202 



( *> 1 4 1 

ll63) 

:2lh 

.■>781 (2fM»l 

2SMf 

r>2r» 

234 

291 

tlo*. 332 

274 

r»3<» 

249 

281 

*!3i 341 

21KI 

.">41 

26f> 

275 

147 382 

26.4 

.">42 

263 

279 

873 3.*.7 

:ur. 

- -i-V 

e%r:m 





(254; 

(2841 

'<’> 40 , (3.^3) 

(287; 

rfi<‘ r>‘c<ird> (• 

f 8R, ai'- 

often 

given ro tenth- i.f ., 

minnif <*nly. 

iggcsting .some 

uiu ert^tintv ; 

1 . 

more <d)-i rviition- ;iie 

l)nt 


thiKc .ibovc quoted are consistent in -hawing that the tiitference fS— ]*) 
— (Sll_ — S) or 28 — P — SR, is M'D-iblc cnn.stant from (sav) S— I' 
=52<) second' to 080 .second.s, which mav 'erve ,i.' .i tii'idul r lieeh. 

(’oinparing the means (in l»r.ick'ts) with the athijited table>, we get 
f'he differem'cs O— wliih* the iNirreetiiin' nt the 22nd Re|»«>rt give 
the r.ilumn O — f'j. 

T.vm.K V. 

2S-P-8R,. 


s -i> 

A 

i'kXlv. 

Ohs. 

o~c, 

0-C 

8. 

(>. 


M. 

H. 


374 

403 

212 

211 

1 

• 6 

538 

«80 

22f) 

284 


+33 

8 

75 2 

241 

288 

-f-47 

+21 

tuo 

86-5 

272 

287 

-h 15 

+ 9 


We again see at a glance that the adoptcil tables are sensibly in error, 
and that the corrections found in the 22nd Reiiort, while they reduce 
these errors, do not annihilate them. We mu.Ht proceed further in the 
same direction. 

It is easily seen that the further a Iteralion.s mii.st be chiefly in SR,, 
and not in S (or P). Thus let us fix attention on the worst case, where 
S— P=638s. For this value of 8— P the adopted tabks give A=:68*0 ; 
but when we correct the tables we get A=69®-2. Note that S— P is 
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tlu* ubHerved quantity, and A is only inferred. But the consequent 
change in (S— lM-+-(S— SR) is small and in the wrong direction ; for though 
S is increased by 14 seconds, SB| is increased % 18 seconds. After 
altering A we have, however, still to apply the errors of 8 and of SRi . 
The complete process may be represented thus, wlien the corrections 
used are those of tin* 22mi Report- 

8-P 

H. 

TabUs . .-iSS 
A 

Errors 

We .sei* at a glanoi* tliat tlic efficient corrective w the error in 8Ri which 
is taken to l)e twice that of 8 at A/2. The error of 8 at 34°-6 is found 
in the 22nd RejKjrt to be — 19 seconds ; if this were only larger numeric- 
.aiy, say —31 seconds, we could completely destroy the -f- 61s. of Table 
V., column 0— t’,. 

The observations of 8R| an* not, however, so numerous as those of 
l*Ri to which w<* now return. Let us neglect the small change in A. 
Beginning at the bottom of the table, let us as-sume that we know that 
the error at A— is —".seconds, from the 22nd Report. Then, since 

P-PR,-+l8. 

PR, = P-l8.= -8«. 

i.e. the «*rn»r .»t,A r-: 4G'*5 = — Is., which so far accords quite well with 
tliat deduc<*d independently in the same Table II. of the 22nd Report. 
But as we prt)ceecl upwards w'e shall not find the same good accordance. 
The errors for the smaller values of A deduced in this way from PRi 
are as in Table VI. - 


A 

4A 

* s 

<}§0 

sl-o 

1-1202 

i-l*2 

i-0*« 

-j- 14 


3 


SB, (8-P) + (S-8R,) 

if* H . 

-1520 +220 

-18 - 4 

+ 38 + 35 


Table VI. 

Errofs of P deduced from PR,. 


A 

Prom PH, 

Prom (28) Od Tables 8P, 

Now 

Possible 8P, 

Corra. 

t 

i 11*5 



> 


s. 

, - 

8. S. 

,10 

t 1 

172 

182 

184 

-f- IsS 




34 

35 

36 


14*0 

+ 11 

+ 1 

20« 

217 

220 

-f-U 

* 



33 

29 

31 


ie-5 

+ " 

+8 

230 

240 

251 

4-1* 




30 

27 

25 


19*0 

+ 4 

4-2 

2<(9 

273 

270 

"T 

i 




30 

20 

18 


91*6 

0 

"S 1 

29t» 

299 

294 

... 5 




21) 

: 26 ' 

21 


24*0 

- 3 

0 

328 

I 325 

315 1 

13 


t 


25 

24 

25 j 


26*6 

4 

: -^1 

353 

349 

340 { 

13 



i 

25 

23 1 

26 ; 


20*0 

- 6 

-3 

378 

372 

366 I 

! -12 




24 

22 

25 ! 


31*5 

- 8 

-♦ ! 

402 

394 

301 , 

-ll 



I 

1 

23 

21 

24 


34*0 

-10 ! 

-« 

425 

415 

415 < 

-10 




91 

21 i 

99 ^ 
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Table Yl.—cmUinued. 
Errors ofV deduced from PRi- 


A 

From PR, 

From ci'i) OldTitbloHdl' 

Now 

ri*88ll>U‘ M*, 

Corm. 

305 

- 10 

0 

440 

20 

430 

21 

437 

21 

- 9 

390 

- 9 

- 7 

406 

91 

457 

22 

458 

21 

8 

41-5 

8 

1 - 7 

i 

487 

19 

1 479 

1 20 

479 

20 . 

8 

44-0 

-- 7 

; - 0 

506 

! 18 ] 

1 499 

91 

499 

20 , 

- 7 

46-5 

j -4 

1 -4 

1 024 { 

1 520 

619 

- 6 


We see that the investigation of the 22nd Rej[)ort (shown in the third 
column of Table VI.) fails for the smaller values of A in much the same 
way as is manifested in Table II. above ; viz. from A = 10® to A = 20® 
the errors are not sufficiently positive if we nm' accept the indications 
of PRj, while near A = 35® they are not sumoiently negative. The 
column deduced from PR| starts with a hill and falls into a valley; in 
the investigation (22) the hill is cut down and the valley filled up ; and 
it is reasonable to attribute thc.se modifications to the effects of compro- 
mise due to the determination of the epicentre with the faulty tabU’.s. 

In the fourth and .succeeding cohimn.s of Table VI. the effeet.s of 
applying the newly-suggested corrcction^ .ue .shown, h'irst, under tin* 
heading ‘ Old Tables ’ are given the tabular v.nhie- for 1 *, followed by the 
differenecs 5P|. Under the beading ‘New’ ar<‘ given the tahle.s with 
correction.^ a.s from PR, and the differences ol’j. Now it is .seen that 
the.se differences t'f\ are nppro.ximately con.st.mt from A=. 2 lUO t<i 
A = 16' -5, wherea.s 151*, <lrop.H .steadily. \V*- are reminded of the phe- 
nomenon shown by the Pulkovo aiigle.s of emergence. (See p. 54 of 
f}r. G. ly. W.’ilkiT ■ .ffiafeni »S#’i.sinf>l«»gy '). In thela.-t rep«»rt Dr. Walker 
jccalfcd Attention to these ol)#w*n'atlons. eu»pha.si,sing Oalitzin'a ladh-f 
in them, and -uggecsting in explanation \ foeal depth of the order of 
km. No supjiort for this hyjjothesis has In'en otherwija' forthcoming, 
and it seern.s pos.sible that a .simpler explan.»tii>n may be found in errors 
of th*} table.s ; for a comparatively .slight further modification would 
giv« angle.s of emergence in fair accord with the Pulkovo oixscrvation.s. 
Huoh a modification i.s shown in the column of Tabh* VI. headed ‘ possible.’ 
Us differences 8 P 3 show a fall to A = 20", then a rise to al)out A = 28®, 
and then a fall again, which i.s all that is required. Wc proceed to show 
that this possibility is inde|K*ndent!y s\igge»ted by a study of the Y 
phenomenon or polychord. 

The Polychord or Y Phenomenon. 

Is it simjdy PR^ ? 

In the 21&t Report the following approximate times were deduced 
from the earthquake of 1913, March 14, for the Y phenomenon : — 

A = 96* 100* 105* 110* 

Time for T a ]420ik 1470s. 1400«. lOaOs. 

Avemge vel. 14-9«. 14-7». 14-2». 18*8e. 
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T1»5 uvor.ige velocity, iidded in the hist line, falls off very definitely, 
and the hypothesiK of u ‘ polycliordal ’ P wave transmitted by numerous 
reflections vith approximately uniform arcual velocity was therefore 
withdrawn. But in the course of the examination of Dr. G. W. Walker’s 
hj'iMtthesi.s of deej>-.Heated focus a modification of the hypothesis suggested 
itself which seems worth attention. Repeating the suojoined figure from 
the 20th Report, 



we .shall asjsume tliat cO i.s an arc of 1T“"1 so that a P w’ave starting from 
a deep-seated focus E along EC wdll be reflected at C so as to strike the 
'•urface again at C| ('a C 3 . . . where CC| •■= CjCj = ^ J 

and after five such refleetion.s will reach a distance A from K (theepicent^ 
eciual to 5-5 X n°*l = 9*'’- The whole time required would be, with 
adopted table#, 

5-5 X 216.S. = 1353s.. 


hut if we adopt the 
w'c should get 


corrections of Table VI. as 
r>-5 X 263s. = 1391s. 


in 


the column ‘ New ’ 


The value extrapolated from the above-quoted values for Y would 
be still greater, viz. 1410s., but wo see at once that a comp^tively 
slight increase to the tables would give this exact value : the tme 

for an arc of 17®1 must bo 266s., indicating a correction to tables ot-f 10 .s. 

near A = 17® instead of -f- 78. . „ ...1 t j 

For paths slighUy differing from EC, such as Ea or BB, the chords 
are greater, and nve reflections will bring us beyond 94 in either case ; in 
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fact, there can be no I’Hs when A is much less than (lor the actual 
limit see below), which accords with the facts of the «iuake of HUM. 
March 1-1, from which the above li}»ures were deduced in tin- 21st Report, 
if we exclude a <loubtful Pulkovo observation. Tiiis linutiiig value for 
A gives us in fact the arc 17“-1, and «’ouse«piently the d ‘pth of focus. 
If KC be a straight line we tind KK — 001 1 t»f the r.ulius , say 1 1 miles 
or 70 km. These figures apply only to this particular eaitlniuake, ami 
will also require modification if the path cC is curved ; Imt they give 
the order of quantity suggested. 

As we pass to greater values of A the wave must start along Ka or EH. 
If it start.s along Ka. the total length of path will be le.vs th.in n'TjaA. and 
cannot be so small as 5 0 aA. If it .starts along EH the length will e.xiecd 
5.5bB or 5'oaA. 

Thu.s may be reached in two ways ; tdther by (let us say for 

illustration) 5 reflections or 0. The times t)f tnm.sinission would be finsing 
column ' New ' of Table VI.) : — 

5 X time for 22* « 5 x 304s. s 1320 seconds, 

6 X time for 18'3* » 6 266 s 1606 seconds^ 

and sinoe wc observe the earliest disturbance we fix attention on £a and 
neglect EB. 

Assuming the paths of the wave,s to be straight lines a-s in the figure, 
let cC subtend an angle 2C at the centre ; and let aA. inclined to c(' at 
an angle subtend an angle 2A at the centre. Then 

cos A— co,s (.’ cos ^=.cos 8^ '55 ct»s , 
arc Ka=:A— 

In Table VII. are gi%'en, for v.irious vulue.>. of first the nrra 2A 
and A — then the whole arcs 10A-r(A — <^) ; then the estimated 
times for Y from the figures quoted abf)ve from the 21.st IiejM)rt. From 
these we subtract the time for the arc A— widt h we ran estimate only 
approximately by taking it as 

.irc in degrees X M bs. 

The remainder, divided by 5, gives the time for tlie arc 2A, below 
which is subjoined the present tabular value and the nece.ssar}' correction. 
followed hy the correction <}edncefl from PR| ir> T.'ible Vf. 


Table VII 




C 

o 


• 

W 

♦ . . . 

rai 

00 

30 

611 

60 

7-0 

2A . . . 


17 1 

IHi) 

19 H 

20-8 

22*0 

A-f 


86 

OO 

4-9 

4-4 

4-0 

Whole «ro 

- 

P40 

960 

1039 

108*4 

114-0 



«. 

1*. 

p. 

e. 

e. 

Whole time 

= 

1410 

1430 

1485 

1612 

1648 

Time of (A— 

KS 

128 

80 

73 

66 

60 

Time of 3A 

s 

266 

268 

282 

289 

298 

Tables 

« 

246 

257 

279 

291 

306 

Ooneotion 

m 

+ 10 

+ 11 

+ 3 

- 2 

- 7 

Table VI. 

2S 

+ 6 

+ 5 

+ 3 

•f 1 

- 1 


The last two lines are not verif different, and we notice that the cor* 
rcctions now suggested are generally similar in form to those formerly 
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found, but greater in amount. A« Iiuh been remarked above, the existence 
of a hill and valley in the curve, which compromise has obliterated, is 
quite a fair possibility. 

The qm stion, however, whether the observatioiis can be fitted to .v> 
considerable a hill and valley can iinl)' be answered after laborious 
re-reduction ; such e.\aminution as has been made is nut unpromising, 
but is «-mb;trrassed by th<‘ uncertiiinties of clock error already referred 
t(». A glanee at the records, for instanci*, of 1913, January 27, will show 
the doubtful nature of the records near tlie epicentre. 

'I'he e.\|ilanution above suggested Vjrings with it a number of questions. 
Firstly, why should I’ltj be spiu-ially prominent, compared, say, with 
J*If , or FHo f The answ<*r is that Plfj hajipens to fall in a place where 
it <'an be mistaken for 8. while the others do not. But the suggestion 
of a sensible focal <lcpth neces.sitate8 the i e-investigation of other 
reflected waves, especially of Plli. We notice two important points. 

Firstly, the wave which starts along EC reaches the surface as PRj 
at A=8®-6-1-17”*1=26°-7 ; and it might at first sight appear that 
we cannot have any PR| for a value of A less than this, for the arcs 
2A and 2B are both greater than 2C, as already remarked. But a wave 
starting along Ea reaches the surface after one reflection at 


A = 2A “I" A — 


and from Tabic VI 1. we sec that the sum of thc.>-c quantities diminishes 
at first, though it ultimately increases. The minimum value is given 
by the condition 

d^-=^3<lA, 


which leads to 


(3^-1) .sin *4>=Uin^V 
whence A =21'*. 


Within A =- 21 , then, no PH, can be received. 

Nt»w. the evidence is distinctly in favour of the existence of some 
inferior limit for A of this kind. Within A = 24° the records are few 
and «li.seordant. and the lowest value of S — Pj hitherto found for 
which PK, has been recorded is 201 second.s, corresponding to A = 18°, 
or a focal depth of. say. 25 miles. A more extended investigation of 
thi.s point must, however, be deferred. 

The seeoml point is that at the point (' (where A=:25°’7) PR| arrives 
not by means of two equal area of 1.3*^, but bv unequal arcs of 8° -6 and 
17°-1. Hence the tabular computation of Table VI. Dcoomes unsuitable. 
Using the adopted tables we should get for A=26° by equal arcs of 
13°, i (S-l-P)-PR,-99 seconds, by arc.s of 8°-7 and i7°*3 i (S+Pi) 
=106 sec4)nds. Hence the large negative values of O — C. at the head 
of Table fll., should be .still further inrroa.sed ; and. moreover, when we 
deduce, from them corrections t<* P the dividuig factor is 1’6 instead of 
2’0, and the corrections apply to larger values of A, all of which changes 
emphasise the positive corrections to P for small values of A. As above 
remarked, however. EC does not give the minimum PR|, which is for 
A=24°, by arcs of 6° and of 18°, | (S-f P)— PRi=107 seconds, the 
computation by equal arcs giving 98 seconds. 
ms. 


o 
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For groator vahu's i»{ A I’Hi inav conif by either of two patiis. It 
is easy to tak«' from a ili.igram tiu* alternatives as billows 


A. . 

24 


2fJ 

27 

28 

20 

:io 

Arc (A— . 

<>0 

4 5 

4 0 

5 li 

5 5 

50 

2 7 

IXmg AFC 


20 5 

220 

25 4 

2* 7 

20 O 

27 5 



• 



’s . 

•Si 

,s 


107 

115 

118 

122 

127 

155 

158 



o 





j 

Ap* . 

IrO 

80 

8 0 

o 7 

10 5 

11 5 

12-0 

rtiA' 

180 

170 

171 

17-5 

17-5 

17 7 

18 0 






s. 

.S. 

i». 

: iSrP)-PKt . 

107 

104 


105 

10(i 

107 


Jlor*- it I'ortaiuly 

l(H>ks 

as though tlu‘ 

(>ffserval 

Pli, 

si irts 

with the 


binder arc A instead of the short arc A — >f> as we have assuiued 
for PIlj : for only by this supposition can we obtain apj>roximale con- 
stancy for the quantity AfSi-P) — PIl,. There is nothin;^ unreasoiinlile 
in this jlifference between the two cases : for PKs. it we are rinht in 
identifydng it with Y. is usually read for S ; we n'ad tho ft i 'I big move- 
ment, and, as already remarked, the PKj by A f-<^ follows that bv 
A -- <f>. Hence the former is read. But in looking for IMl, we .should 
naturally take a movement which is not too near 1*. The 1*B| which 
starts with A — «^ runs up clo,ser and closer to P as «/> inci. a.si's. 

We have, however, still to *‘Xplain why (S-f-P)/2 — PK, should bo 
about l()5s. in.steail of about 80s., as at the hea<l of the ‘ observed ’ column 
m Table III. On the present hvpothesis the tables are wrong to thw 
extent. When A =28'’, for in.stance, if we take the last column <»f Table 
VI. the error of Pis —12.'-. and that of S should be nearly double, .-ay —20s., 
which gives for OS-f-P) /2 an error of — Itis. : and Pll| Is in error by 2 x 14 
-=28s. ; making altogether 44k., which redttces the 106k. of the tables 
to 62a., aa compared with 75k. observed. These correctionaare apparently 
too large, and it may be readily admitted that the last column of Table 
VI. probably goes too far. If we use the first column we get, say, —8a. 
for (8-f-P)/2, and —22s. for PRi, which is just the quantity required. 

^mewhat .similar considerations apply to PRj. The whole arc is 
now 

A— ^-f-4A, 

and becomes a minimum when 


d^==6dA, 

which leads to 

(5*— 1) »in* 0=tau* C. 

«! that A=8'’'75 ; minimum A =42®. 

Generally, for PKn, the cotTesjmnding equation i.s 

{(2n-fl)«-l}ainV=-tan»C, 

or (2n-f 1)^=0' approximately ; so that when n=5, ^sasO^-n, A^S^SS ; 
minimum arc being 93“ *6, close to the value obtained by starting along EO. 
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ObservHf looH of PUj are fairly nunHToiis layond S — Fssdi2 seconds 
(say A=u:C<>°), but only three have, been found for smaller values, viz. : 

S - P = 487s., 3«3«., 3608. 

Siiy A = 69“, 38“.6, 38“.0. 

ace.<jrdin{{ to atlopted tables. Further scrutin}' is of course de.sirable 
but the evidence is so far satisfactorj’. 

Of PII3 and 1*1^4 little more need be said at present than that they 
do not fall near enough to S to be confused with it, while 1*11^ probably 
lies beyoml S. 'J'he rough minima in A for their appearance are ; 



PR, 

PR, 

PR, 

PR, 


GO® 

77® 

94® 

111^ 



8. 

H. 


Time* := 

896 

1162 

1408 

1664 

S (Tllbluh) -n 

1103 

1309 

1496 

1657 

S (corrocUul) 

1102 

1300 

1474 ? 

1637 ? 


The above note.s are obviou.-Iy tentative and incomplete, but thej' 
represent tlie result «if a good deal of work by the method of trial an<l 
error, ami may serve t(» show poK.sibilitic*s. EspeciaU_A Ls it hoped that 
they may show the imjKirtanta- of an identifieation of the phenomena 
through more accurate tables of P an<l S, on which the main computing 
.strength of the Shide organi.sation is being concentrated for the present. 
It may be that there iire too many variable elements to make great 
accura<-y possible, b»it e.xperiencc of working with the residuals suggest.** 
the <'ontrary vh*w, whirh i.s at any rate worth thorough testing, even 
if the ultimate result be disap]N»inting. 


Preliminary Report on Tides and Tidal Currents. 

By H. Lamb and J. Proudman. 

It seemed meet importatit in the first place to obtain a sort of oon- 
epeetus of what hae been done and what is in progress, in the 
of observation and reduction, in various parts of the world. Owing 
to the circumstances of the time our attention has been mainly confined, 
so far, to work done in the British Empire and in the United States 
of America. As regsuds Great Britain, the m<8re accessible literature 
has been consulted, whilst for India, Canada, Australia, New Zealand, 
and the United States valuable infonnation has been furnished by 
various authorities, to whom special acknowledgment will, it is intended, 
be made in a more complete Report. 

It is proposed in the future Import, or Repots, to give an account 
of the work done in the countries named, together with a critical 
examination of such pmnts as appeal' to call for it. 

In the course of the survey so far made, varicHis suggestions have 
naturally presented th^selves. some of which may invests lines of 
research. The fdilowing may be mentioned : — 

1. While the tide-tables as at present produced appear to be adequate 
for pi'actical needs, the possibility of improvement should not be left out 

oS 
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of sight. There are many cases where the liarmoiue eoMsliUits liav<* 
not been determined with all the accuracy obt.iiiiahle. 

2. llariiutnic analyses, and {K>s>ihly more exl<'nded oliservatiorjs, 
relating to ix-eanic island stations appear to k* wanting. These would 
prt»r>ahly give results of great theoretical value. 

3. (\>ntimious i>i>se!\ations of tidal heights at off-shon stations are 
especially desirable, both as a test of hypotlu'ses relatiti}. to tlu' main 
tidal movements and as a foumlation for more complete suitheses of 
tidal facts. 

4. Furtiier continuou.s observations of currents me a -^o (h^sirahle 
The otdy llritish observations of this kind which have heen anal\sed 
apjxsvr to k those taken in and near the North Sea in coi neetion witii 
the “Consiil permanent international pour rexphuMt ion d" la nier.” 

o. Greater accuracy seems attainable in the harnua ic analysis, 
more pailioul.irly, of the smaller semidiurnal and diurnal t des. When 
a year's recool is tieatt^l by the metluxls in common u >\ only the 
numbers obtained for the lar.'e*' tides can be a.ssumed to !•' re-sonahly 
correct. Improvement may k* soU!:ht bv alltVAing for imierh*ct isola- 
tion of the different series. Tins o iKme by the Sm\ey, but 

revi.sed methcHls apjicar ni'ci'^sary <'\e« pt for t.he princip-il m I o- senes. 

6. Accurate detenmn.it:o:.s of the constants f(>r the lone period tid»'s 
of astronomical oiigiri :i'-e much v. .i- ted, on .u'eramt of th* par! which 
these tides j lav in various speeul.it ioi.s. The numbeis i-bt lined hv 
analy'’.s of a 'irmle \e.ir's lecool a'e verv mneert nn, ; 4 li.nnigh 


defect in the met: cxi of reductiori, 
distuHrir.ee'. in t!,e leca-nl itself. 


but consefjMence <■: meteorological 
I he in.il'.sjs oiisi f \ .it ,1 i!;s ex' (Uid - 


ing o\er II ]o: _ senes of vi us mig!;' !>e exi o tM! to 


worthy results. 


7. .\ eornp.>'’at;ve s''.(iv shoi.ld tie in'.''*:,},,] j;,,, .iphical 

distribut.on of well-attested li.irmonie eonsfunts for tides of different 
{"leno^ls. This migi t le.id t''» u. i;: pr(*ve<l dvi.imical (oU'ejtion •»( 
the gre It tidal niov* rm .nts. 

6. .-V knowledge of tiie /re.’ n('"iri<ls of os. Hhtioti r.f th.e ixtu.. 
or of .sp^ix'inl legiors of it. v.o.ld h- of th^ interest, not 

only for its ow, ti sake, but a^ a h ms h>r dvn imii'al K’rm.nmg on 
the actual foreisl tide-.. It is not kr-r)wn whether ;if,y attempt has 
been made in tl.is direction by an examination of the results obtained 
for different jx.rts whose liannoni*’ eomstants liave been accurately 
determined when the firedicted tuh* is siibtractetl from the observed. 
The residue iniglit conceivably yield some indications as to the longer 
free periods. A further examination of the records attending such a 
disturbance as that of the Krakatoa explosion might also be fruitful. 
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Impact 'I'oitH. — Report of the Committee^ cougistiitfi of Professor 
W. il. Waiirkn (Chairman), Mr. J. Vicars (.S’cm-^arv), Professor 
Paynk, and Mr. E. H. Hakitkr, appointed t*t consider and report 
on the Standardisation of Impact Tests. 

ImjHict Tests of Materials. 

Ir IS <<>nsi(i<T<‘(l tliat, onliiiury static tests, such us flu* tension te.-t on 
standard It.irs or the cold l»f‘n<linf» test, do not r<‘veal the eapaeity of the 
material to resist shocks. In rails, a.vles. tyre.s and dra\vi>ar.s. armour 
plates, ordnance, moving parts in engines and nouhinery. the stre.s,sos 
are all moic or le.ss sudclcnly ajiplied. It has long been recognised that 
th'' ordinarv .stati<- tests in sufh eases should he ^nppleni' nti’d hy impact 
tests, .\g.iin, Mr. Fremont has recently shown that impact tests on 
wir>‘ and wire ropes reveal the weakn -ss and want of homogeneitv in 
the material in a innch more sat isfactorv manner than .static tests. Numer 
ous e.xamples could he <jUot><l where normal static tests have failed to 
e.xpress or ch fiiie in a sat i-factory manner th" resistance of material to 
suddenly applied loads. The ordinarv tension test may giv<' a rea.sonahh’ 
strength pi r sipiare im h. and a reasonahle jterci ntag- of elongation; 
luif the same material, wh'-n subject to impact, may break without much 
lb formation and r.-veal a coarse fracture. Impact ti'.sts reveal th" hrittle- 
n-ss of the mate rial or its tiucb ncy to fail by suddc'uly a]i]dic d loads. 
Kesilienc e a fiinitioji which is the reverse- of brittlcne.ss. and e,\pri‘sse.s 
di-fimtely 1 h" Tes|v.tane !• tei im|)aet. It repr<‘.sents two faetors. one of 
whie li is e-longat ion. and tin- other the stri'.s.ses ]irodu< ing them. A nie-tal 
that shows a fair resdie ne i- will always give a fair elongation in a state of 
tension, but the- convi r.v is not trin-. as will be .shown by the* results of 
ten-.i«m te-sts and impact te-sts of a certain .stec-l um cI for the* manufacture.- 
of high c-.xfilo'ivc- slii-lls. 

The’ te-n-'ili- strength per .sejuan- inch <d a .ste-e-l bar tested in the’ ordinary 
way is not a true- e.xprcssion of the ac tual .stre-ngth. or rc-slstanee to break- 
ing e-.xpre-.s.M-d a- ■ te-nacity,' bc-e-au.-e, at the moment of fracture, the are’a 
contr.icts locally, and it is this contracted are'a which breaks. Again, 
this < eiiitrae ti <1 an-a ebu-s not vary with the .stre-ngth e.xaetly, but depends 
al.se> uj)on oth r epiabtii-s of tin’ mate-rial. 

The hardni-.ss number, as de’termine-d by the pi-netraiion of a ste-el 
ball orasti’e-l com- re-prese-nts more- exactly the ac-tual .strength or tenacity 
of the mate-rial. Tin- Hrinell hardne-Ns nuinbe-r dc-noted by A Is related 
to the ordinary te-nsih- .strength i»ct .scpiare inch denoted by <r thus; — 

»r = CA, 

where C ia ap]>ro.YiinateIy constant for steels of the same kind; thus, 
for structural steel having a tensile strength of 26*7 tons per square inch. 

A « 143-9 and C«0186. 

The relation between impart and hardness tests has not been exten- 
sively studied, but it will be shown that there is an approximate ratio 
somewhat similar to that observed in impact and tension tests. 

In regard to experiments made by impact machines on plam and 
nicked pieces, in everv case the effect of nicking or notching a bar is to 
bring out more decidedly the properties which wo have termed brittleness, or 
want of resilience, and it is this test we propose to more especially consider. 
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In ordor that im|)art to.st.H on iiotoliod Iwir-s sliould ln' Htri<'tly roni- 
}>aTable, it is lu'oessary to oon-sidor tho form and tlim»’nsit)ii.H of th<’ to.st- 
pioco.s, tho apparatus us»*d in testing thorn, and tho mol hod of rooord 
and jnoa.snn.Mnont. 

In rt'gard t«» tho form and dimon-sions of tho tost i>ioc. s - 

In tomion tosts it is oloar that tho sizos of tho tost-i)i» oos oannot lx- 
constant, but tho proportions havo ho«*n ostablisho*! on tlio law of siini 
larity which onsun's that tho to.st-piocos of difforont dim«'n.sions should 
bo gooim'trioally similar in order that tho results obtained may be .strictly 
<onijMirable. 

Ex|K‘rionco with impact on notchetl bars shows that the resilience 
referred to tho area of the crass-.se<tion through the jiotch. when mu<le 
on pieces It) by It) nun. and pie<-os .‘it) by .‘it) mm., arc not strictly com- 
parable, as tho results obtained by tho large pi«‘ce arc uniformly gr*'utcr 
than tho.so obtainetl with the smaller to.st-pioce. and the difference is 
greater the greater the resilience of tho materials. The r- astm for this 
difference apja-ars to be due tt) the fait that in the rupture of a notched 
bar we have two di.stinct stages in the process : (1) the geii.-ral deforma 
tion of the bar, which is proportional to the cube of the liomologmis dimcH' 
sions ; and (2) the rujiture of tho piece through the notch, which is pro 
jiortional to the square of the .saiil dimensions. 

The work of rupture .shoulil then b<- e.vpre.ssed by two terma— flu- 
work of deformation proportional to the cube, and the work of rupture 
without deformation proimrtional to the .sipiarc or flu- an a of the cro.Sf- 
soction through tho notch. Professor Sihiile has recommended that 
tho fac«-.s of the test -pieces on oppo.site sides at right angles to tho 
length of the notch shouhl Is- (loli.shed, and the volume of the ]>iece 
.strained in impact, shown by the dull surface, should be used in e.\pres,s. 
ing the resilience. 

The testa ni.-ide by tho authors show that in the brittle .shell 8U-<-l 
there was very little deformation, and the r»‘silience is well exiiressod 
by the area of the cross-section through the notch, when^as in the case 
of the alloy steels the deformation was considerable, ami was not 
confined to the area of the cross-section, but extended to some extent 
on each side of the notch. The method exjmtsses with less accuracy 
the res^ence of the more resilient material than that of the brittle or 
less resilient material when expressed in terms of the area through the 
notch, and relatively ander-^'stimates the more resilient material. It 
should be noted that similarity in the form of the test-pieces should b«! also 
provided in the radius of the notch, and that of the supporting knife-edges. 

Test-pieces . — For notched bar test -pieces, two standard forms have 
been recommended by the International Association for Testing Materiaki 
{see figs. 1 to 6). 

A small test-piece, 60 mm. long by 10 by 10 mm. in cross-section, 
haying a notch 2| mm. deep, rounded at the bottom to a radius of 1 mm.* 
This is easily pre{>arcd with a twist drill or a profierly shaped milling 
cutter. A Urger test-piece, 160 mm. long by ^ by W mm. in cross- 
section, having a circular notch 15 mm. deep, formed with a twist drill 

* The dimeneioBs given are not exactly thoee recoromended, but are tboae aotnally 
employed id the tests made b/ the Committee. The recommended depth ot notch 
it Sam. mS the boiUm ndim | omi. 
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and rhymer to a radius of 2 mm., the material between the hole and the 
Imttom being cut away with a saw. 

An intermediate size has been proposed and used extensively, and 
the authors have adopted it as well as the two former sizes ; it is 160 mm. 
long by 20 by 20 mm. in cross-section, with a .'«imilur noteh to th«“ ,'JO by 
30 mm. piece, but only 5 ram. deep. 

In addition to notched bar tt‘st.s the author.N have made tension tests 
on specimens without notche.s. 

(o) I in. diameter and 21 in. f;auye length, broken with a single l)hi\\ 
in a small Charpy machine. 

(/>) 10 mm. diameter aiul 1<H) mm. gaugt* length, broktni with a series 
«*l blows in a Afarten> <irop-hammer machine. 

The advantage of ih** circular notch over the acute triangulai notch 
i> that it can be made and rcproduc«*d accuratclv in a regular lunnner. 
.so that the conditions of the te.st in .so far as the notch is concerned arc 
k**pt a.s Ciinstant as |H)ssibic. 

The di.sad vantage is that iimre energy h (on.>iitiu‘d during the js-riod 
when the bar undergoes deformation, before a crack is develojH-d at the 
notch, than occurs with the acute triangular notch. The n-.silicnie ex 
pressed in regard the area of the ero.ss-.scetioii through the noteh i•^ 
greater \v it h circular than with triangular notche.s, and inirca.sc.s with 
the radius of the circular notch. .Vt the .same time the relative results 
obtained in grading material with cireular or triangular notches do not 
vary to any great extent. If. however, the work done during the two 
JH* nods of deformation and fracture could Ik* .scparateil and acemateh 
determined, the tiiangular not«*h would undoubtedly su|Mr.M*de the 
circular notch, as the results of the te.st referred to the area of the eross- 
s<‘ction through the noteh would more aeourati'lv expre.ss the resilience, 

A.s to the advantages of the small tc.st-piec**s. lii by 10 nun.. o%'cr 
the larger, W by •)<> nun. ; — A larger mimlK-r of pieces cun be obtained 
from a given piece of material, and lt»cal defcet.s more elearlv e.\jM)sed. 
.\giiu, the selection of the test-pieces after a niicroscopic examination 
of a suitably prepared aiul etched surface revealing nnv ln*t''rogeneit\ 

IS more completely aecompli.Hhed with the smaller ti-st-pieres. The 
larger te.st-pieces ••nclose more or less any local defe» ts. and it is ni>f .so 
easy or convenient to obtain sntFicient sjweiniens. 

fbe smaller test-piece can be broken in a smaller machine. 

Impact testiwf 3/nc/u«c.s'. — All impaet-t<*.sting mnehines should be 
(lesigoed in such a manner that the actual energy required to fraeture 
the test-piece in one blow may be accurately iletermined. They should 
be calibrated from time to time, and the |o.s.ses of energy «lue to frietlbn 
and other cau.se.s should Vie accurately determined. The inaciiities shoubl 
b»* kept in good order and handled <*arcfully. The maehines uw*<l in the 
various tests made by the authors are suffii-iently known, so that a detailed 
description is unneces.sary, but it may be necessary to .state the following 
particulars ; — 

A. The GuiUery Machine . — 'Diis machine consists of a fly-wheel 
21 in. diameter, carrying a knife with striking edge 2 mm. radius. 

The knife-C'dges supporting the test-piece are, spaced 10 mm. apart, 
and arc rounded to 2 mm. radius. (Vide Fig. 7.) 

The maximum velocity of impact is equivalent to a fall of 4 8 metres 
and the corresponding energy is 60 kilogrammetres. (K.O.M.) 
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The recording device coneiste of a centrili^al pump driven from the 
main axis and supplying a column of water in a glass tube, the height 
of which is proportional to the velocity of the wheel. A scale attached 
to the tube shows the number of revolutions and K.6.M. at any instant, 
and the drop in the water column after impact shows at a glance the 
K.G.M. absorlM'd by the fracture of the test-piece. The error is due 
to the energy lost by the re1ca.se of the catch just before impact, and 
amounted to 0-8 K.G.M. The machine is only suitable for the 60 by 10 
by 10 mm. notched bar test, and is more satisfactory for resilient than 
for non-resilieiit steel, as the former causes a greater depression of the 
water «’«)liimii. The mafdiine is operated by hand through friction gearing. 

B. The. Choij)if Pemlulnm Hammer. — These are made in three .sizes, 
but th»‘ one used by the authors has a maximum capacity at 32 K.G.M. 
and a maximum fall of 1*42 metres ; the striking edge of the pendulum 
is 2 mm. radius; tlie supports are spaced 40 mm. apart and are not rounded, 
'riii-- machine is arranged to test the 60 by 10 by lO mm. notched bar, 
but it can also t<‘st a tensi<jn-piece with or without notches, and r<*cord 
the energy requinsl to break it in a single^ blow'. The usual size of the 
tcst-piec«> is } in. in diainet»‘r. with .s<Tewed ends, and a gauge length of 
21 in. The arrangement for teivsion tests has been modified and cou- 
."iderably imjmivod Ity on<- of the authors. 

The Charpy Pendulum, 

* .Mcffunl of determining Energy of Rupture. 


Y 



Fio. 8. 

To obtam the energy absorbed in the rupture of the test-piece, multiply 
the difference of height of the centres of gravity of the pendulum at the 
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Wgiiming ami oml of tho swing by the wi'ight of tin* luiimuer. Thi-^ 
result must be <‘orreoted for frii'tion. (Fig. 8.) 

li^'t OA = Initial position of ])en(luluin. 

00 =! Position after free swing, 
or*' s= ,, „ second free swing. 

OB =s .. „ rupture of test-piece. 

OB' a» „ „ first swing after rupture of test-piece. 

K * Energy of rupture. W sb weight of hammer. 

Then-” 

K = (Energy just before finpact) — (Energy just after impact). 
= (WA, ” friction 1 (m« over L AOX ) 

~ (WA' 4- friction over / XOB) 

But friction loas over c AOX = | friction lo.ss over / AOC 

== i Wo. 

Similarly friction lo.ss over ^ XOB = | Wb. 

K ='(WA. - }W«) - (WA' I W6). 

= (SYK ~ WA') -!- (- jWo ) W6) 

but =s h + 

K * W (h- h‘) -h iW (a - A). 

o /fox'. Z cor - Cos /.C'OV) ; A =s /(m,s /. B OX - ('«>s ^ BOX) 

whvri’ 1 * length ‘d {SMuiulum fmni .•'UHja*n.Hiun t<i tli*' <«'ntre of gravity. 

By ol)S4*rving th*- dfcrement in th** swing we ntay find values of « 
and b. and hence of { W f,n — b) for any value of a. Tabulate these vahn-.’' 
ami plot L BOX agaiir-it the friction correction A'. 

K = W (A A') + k' 

= \\! co^ « - \yl CO.S u, + k. 


The Direti Fall tf Block Hammer. 

The tyjs; m-^ed in the>«* test.s wa.H designed by Mart-*‘ns. but a reeonling 
drum apparatus has l>een ad«led, made by Mc.ssr.H. Ainsler. Varhms 
hammers can be u.sed in this apparatus, but the authors, aft<T much 
experimenting, decided to u.se a .3(3 K.G. for the more resilient steels, 
and a 12 K.O. hammer for the less resilient shell .steel. Tlte height of 
drop was 3 metres in each eas»*. 

The hammer has a striking face with the sides inclined at 50*^, and 
the ends rounded to a radius of 2 mm. The test-pieces are supjM>rted 
on sj>ecially designed steel eastings, with edges rounded to a radius oi 
2 mm. and spaced 120 mm. apart in order to suit the 160 by 30 by 30 mm., 
and the 160 by 20 by* 20 mm. test-piece-s. The weights of the anvil are 
as follows : — 

Steel castings . . . • 90 lb. 

C’a.st-iron anvil tf» which the eastings are bolted 2,300 „ 

Omerete foundations on shale rock . . 7,600 ,, 


Total weight . 


. 9,9901b. 
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Ratio of \v(*ight of hammerK to anvil and foundations 1 : 277 and 
1 ; 832 r<‘8p<M tivfly, that, as far as rigidity of the anvil is concerned, 
the effect of the blows of the hammer would be as severe as possible 
under the ciicumstances, and the results would be much less than with 
an anvil on springs or timber. 

The recording apparatus for determining the energy of rupture con- 
sists of a drum rotated at a constant speed by means of an electric motor. 
A stjrle attached to the falling hammer describes a diagram on the drum 
showing the velociries of the tup just before and alter impact. The 
appai^us can be attached to the frame of the machine and adjusted 
to suit the heights required for various tests. 

In order to determine the Iossm of energy due to the friction of the 
hammer on the guides of the machine, and aim that due to the deforma- 
tion of the hammer and the frame, we may proceed in the follow'ing 
manner : — 

First, calibrate a strong spring, such as a triple carriage-spring, in a 
static compression-machine })y opining a diagram of the loads and 
corresponding deformations. The area of the diagram up to any given 
deformation gives the work done or energy corresponding with this de- 
formation. Place the spring on the anvil of the impact machine and 
determine the deformations due to various heights of drop, and find 
flu; ratio of the height corresponding with the deformation of the spring 
to the actual height of the fall. If A = actual height, and A|= the height 
corresponding wdth tlie energy represented by the deformation of the 
sjiring, and n the ratio of A, to A, then — 



Hiid the elUTgy = n WA. 

It should he uote<l, however, that we here assume that the work 
done in compressing a spring a definite amount is the same whether 
the load is applied steadily or by impact. This assumption is probably 
incorrect. 

G»p|M'r eruslu'r gauges may he u.s«‘d instead of or as a check on the 
spring. 

Mr. P. W61ikhow. of Moscow, in order to sh<»w the ndationship between 
the ordinary static tensit)n tests and impact tension tests, used an impact 
machine precisely the siuiie as that used by the authors, and, by means 
of a calibrated spring, determined the value of the energ}' due to a given 
fall, then placing a standard tension test-piece in the shackles of the 
machine nesting uptm a weaker calibrated spring, and noti^^ the_ com- 
pression of this spring representing the kinetic energy remaining in the 
hammer after rupture of the test-piece. The energy required to break 
the test-piece was clearly the energy of the hammer found the first 
test on the triple spring, less the work absorbed by the second spring 

All the conditions are practically identical in the two cases. The 
friction against the guides is exactly the same, the losses due to the de- 
formation of the hammer, and the frame carrying the test-piece are the 
same in both cases, so that the fracture of the test-piece alone di min ish^ 
the work absorbed by the spring. Three kinds of steel were tested in 
tension by impact and by ordinary* static tension, soft cast-steel, hard 
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t‘a.st -stool, undoxtru lmr«l (•ast-.'<tot>l. Tlio uroa of tlio .stl•os^ 'Strain dia^'raius 
obtainofl in tho statio toii-sion inuohino woro tlotoriiiinotl TIuix, if 1* = 
tho hn'akins' load, T = tho oiioioy ,,f riipluro. A/ = tho l ital olon^ation, 
and It tho diaiirum factor, then - 


T = aPA/andl* 

itSi 


Tlir 

ha<l u lonifth f»f llO inin. 

and a diaiiM t( 

‘T id 10 nun. 

Thf it'sults iwc 

shown in tin* fnlhiuinL; Tahlo 

I. : 



Taulk 1. 







Soft 

Uirukitnr h»4nl 

.-lO.'itt 

3001 


Khtni'utioii 

■n 



( ’4»iitrA<*ti4in 



ILinl Stofl 

nn^akiriu hiaii 

.■>240 

17. V) 


KInngatioii 

20’\. 

20"., 


' Oontraettim 

43“„ 

4«"„ 

Extra Hard Sttn* 

1 . . breaking load , 

(Mi30 

««>30 > 


^ Rlongatioii 

8% 



f*on tract ion 

23"„ 

24% 1 


The results show that iiii]>uot tonsioii t«*st.H not unit* suppioinont tin* 
static toasion to.st.s hy oivinj? t!»o kinetic stronuth of tho material, hut 
in certain cmo.s can replace it as it gives all tho oharactoristir values of 
the propertie.s of the material, excepting the olasti** limit, ft should 
he noted, however, that the relatively massivi* frame forming the teasioii 
.shackIo.s in the Martens machine ahs<,rh.H a large |>ortion of the energy 
of the hanim«‘r at the moment of striking, fmpaet te.sts on steels iii 
ten-sion, in which a triangular or circular notch has heeii cut. give results 
similar to tho.se obtainctl in static tension after local extension has «'om- 
inenced. Impact tension tests do not reveal the hrittlene.ss of the mah rial 
like the notched bar tests. In regarrl to the determination of 1 o,s,h«-s in 
thf fliroei fall imchini\ ne /iav.> adopted th.- following im-thod 


MAKTENS’ DROP HAMMER. 
ilflhoH of ilfiftmtniny the Enrnjy n/ /{upturn. 

The energy of rupture is (d)tHined by dcts'rmining th*- cm-rgv of tin- 
tup ju.st previons Ut and ju-st after the impact, and taking th** differen*-*-. 

Thua if A) s**c|uivalcnt height f«*r v<*|rKr. hef*»r«' impart. 

^3= .. .. after 

Was Weight «»f tup, 

K» cn**rgv ahsorln.-d in •rupturing test- pier**, 
th*;n KaaW (A; - A.,). 

A, and A^ ar«* determined by taking an autographic diagram *»n a 
t*;volving drum, and Himultam-ously recording the v*-Wity of the drum 
by means of a chronograph. 
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A small ht\l<‘ attachi'd to the tup dcscrihcs a f urv<- oji th« drum as 
shown )m*1(»w 



The vi'locii V id th*‘ tup hidi»n‘ ami aft«T impact is c. =V tan a and 
r.-V tan ft 

when* V is the velocity id tin* drum. 

C'iinmstion is ina<lc to a chroniiyruph. controlled from the te.stinc 
labi»ratorv, which indiiati-s ri-volutii>ns of the drum and I seconds, thus 
lixing V. 

We can therefore either (‘alibrate the apparatus for any given hammer 
and height of fall, by dropping the tup without the insertion of the test- 
piece and calculating the jier (*ent. loss of energy, or we can determine 
the actual loss for every test. The former method w'ould be used for 
ordinary commercial testing, as the latter involves the use. of a chronograph 
for every test. • 

The form<*r was used for Rll R19 R31 and 5960 steels, and the more 
accurate method f<»r 3198 3184 2300 1324 and the gun steels. 

When the chronograph is not employed, the method of calculation 
is as follows : — 


Veloc. at A is t', — V tan a and at B is Vt=\ tan ft 




i-r 


But 


v.»- 


tAlX^ft . 
tan* a * * 


li , 1} 2 h I fl 


tan* 
tan* «i ' 


The energ)’ of rupture is therefore n 



where h* is tho height between the zero line and point A and n is a 
constant less than unity determined by calibration of the machine as 
above. 


The height /i| calculated in this manner is always less than the 
actual height h, and the difference h— h, due to frictional losses is greater 
as the weight of the hammer decreases. Let Uie weight of the h^mer 

be 12 kilos. If sp — the speed of Uie drum in feet per sec. = 11’6 

XA X oO 

the velocity of the hammer at the moment of impact is : — 


11.6 W.ir.d 

sp. tan/l=s 12x60 


. tan ft=n.k, tan ft. 
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^“"^^=-0007377 ton- ftHjt. 

'kt 

= •000224}) n'^ ton- fi motriis. 
From a chronograph record, «=18{)-r» and from tJjo diai'ram 


ft »-48 , 


•00022 19 X 189r>^ x 8*48* 
4-29- 


=2*797 luMres. 


The loss is represented by /t— A.,=8— 2-797 = 0‘208 metres. 
In this ca.-^e the loss due to friction is G'B per cent. 

After impact measure from diagram tan and tht ii 

<‘04 


•0002-2-49 X 189-5'' x 5 - 80 ^ 
704- 


=2-480 metres 


Therefore the loss due to rupture of test-piece is 
2-797-2*480=0*817 metres. 

If W=12 kilos the total energy absorbed in rupture= 

12 x 0-817=8 804 K.G.M. 

The firictional losses with the 86 kilo hammer were 1-8 per cent. 


Remarks on Impact-Testing Machines. 

The Charpy pendulum hammer is a very suitable machine for testing 
brittle materials, as the swing of the pendulum after impact is greater 
than with less brittle materials. The Quillery machine is a very suitable 
machine for testing tough materials, as the water column deiK.-ends to u 
greater e.ttent than with leas tough materials. 

In both machines the energy of the moving masses at the moment 
«jf imp^t is expended in caasing the rupture of the test-piece, and in 
producing deformations of the frame of ^e machine and the anvil, the 
remaining energy in the moving masses Is shown by the angle moved 
thro^h by the pendulum, and the fall of the water column in the Charpy 
jnd wuilleJ^ machiaes respeetiv'cly. The errors due to the deformations 
o/tJite frame anti anvil raanot be easily calculated. // tre have a pendulum 
anvil as a-cit as a pendulum hammer, we can find the actual energy 
aVysi>rV>e.d \>y the test-piece, alt**r det*'rrojning the losses due t«» friction. 
It the masses representing the pendulum anvil are about twenty times 
the mass of the pendulum hammer, snch a machine would give results 
fd comparative value which coaid be used in expressing dchnitely the 
resilience of the matt'iial. Dr. Htanton found that with a penoulum 
anvil the energy of rupture was 5 per cent, lower than in a similar machine 
with a fixed anvil. 

In the direct fall machine such as the one used by the authors, pro- 
vided with the apparatus for the determination of the energy of the 
hammer at the moment of and immediately after impact, the difference 
between these energies is not entirely expended in the rupture of the 
test-piece, but the losses due to deformations of the hammer and anvil 
artj relatively small, and, when carefully used, this machine will give 
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satisfactory rchults. If tlic anvil is aujpportcd on springs the rcMults 
would compare more or less with the double [lendulum, but the eom- 
prcKsion of the springs could not be detennined as accurat<;ly as the move- 
ment of the pendulum anvil. 

To Htandar<liH<‘ the iinpuet test, it would be desirable to agree as to 
the magnitude of the moving mas-ses and the type of machine, as the 
blow would be much sharper in the direct fall machine in consequence of 
its more massi\e anvil, and in specifying the re.silienw* it is necessary 
to assume tiiat uH the conditions affecting the results should be maintained 
practically coii-lant. 

In connection with the notched bar tests made by the authors, the 
angle c»f rupture was measured after fracture (fig. 8). It is only possible 
to do this aeciirately wh*‘n there is conta<’t over the w'hole surfarx*. In 
the tougher materials there is con.siderable sliding of the surfaces, 
one may be convex and the other concave. Again, in some of the larg<*r 
pit‘<-es, b(»th jrarts were <;onvex. If the angles are plotted agaitrst energy 
of rupture, it will be found that a relationship exists ; — 

Energy of rupture p<‘r sq. cm._K 
Angle of rupture D 

In the various table.s of results it will be seen that this ratio is more 
or less constant, and any difference is largely due to the difficulty in 
correctly measuring the angle of rupture. 

Mesnager found that for the smaller test-pieces K—0'375 D, and for 
the larger test-pieces KsbI -f 0-68 D. 

He also found that if R denoted the tensile strength of the material 
in kilogrammes per sq. cm., then : — 

For the small pieces : — R + 2’66 D=95, 

„ „ larger „ R-|-r72D=87. 

A similar relationship could be established between the angle of 
rupture and hardness by plotting a sufficient number of tests, b^ut all 
such equations would be more or less approximate, and in the case of 
brittle steels the angle is too small to measure and the method fails entiirly. 

The steels tosted by the authors have the following comi>osition : — 


Table II. 
(■/lemical AiMlysis. 
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Concht^ions on Resn^h'. 

Tho rosults of thf .small notoht*d-l>ar t(*.st.s (»n tiu* ('liar|>\ and Guillen' 
machines are j»iven in Tables VII. tu Vlll., and tho.xe olitaimnl with 
Martens' direct-fall machine are f'iven in Tables IX. t<> XI I 

The .shell steels are much less homojiciuMUis in <iuality fli.m the nther 
.stands and have a very low resilience. As'ain, the an^lc <>f lujtturc was 
too small to be measured accurately. 

With the small test-pieivs the energy required to produce rupture 
was approximately the same in both the Guillery and the Charpy machines, 
but the former was more .severe upon the steels denoted by Ull, RIO, 
and the gun steel than the latter. 

In the direct-fall machine on the larger test-pieces, the energy required 
to produce rupture was less for the brittle shell steels, and greater for 
the steeb denoted by Rll, R19, and the ^n steel. The brittle shell 
steeb tested would naturally give low results owing to the severity of 
the blow on the more rigid anvil, but thi.s did not affect to the same 
extent the three other steels, and the higher results are duo to the larger 
test-pieces, and correspond more or les.s with similar results obtained 
by Mesnager and others «>!» large and small test-pieces. 

The re.sults are shown nrore clearly in the Summary 1, Table III., but 
for the carbon steel R3I and the vanadium chnune .st<*el. 5960, the results 
are irregular, the latter being highest in the Guillery machine, K.G.M. 
—13.11, and only about one-third of this in the direct-fall machine. 
In regard to the ratio of the energy of rupture |M>r .m|. cm. t<i the angh* 
of rupture,, Summary 2, Table IV.. it appears that the vahie.H given for 
various stecl.s are so variable that the method cannot be con^idiTed a.-. 
an\'thing more than a rough appru.ximation, and the i>quations derivefi 
by Mesnager can only apply to the partieular stecl.s included in lii.-< 
exj)eriment.s. 

The hardn>*'<s number." obtain<>d by the Ampler cone given iu Summary 
3, Table V.,.show that the material in the small and large te.st-piece,s was 
not exactly the -atne, and these differences woubl affect the rc.sult.s of 
the notched-bar te.st.s to a «'orre.s|Mm<ling extent, if the differencc.s were 
<lue entirely to hardne.s.s, but the spread under the punch in the smaller 
te.st-piece may account to .some extent for the smaller hardne.s.s number 
obtained. It Is clear, however, from the nature of these ts'.sts, and the 
tlilhculty of keeping all the eonditioas affecting them constant, that 
impact test.s on notcltcd bars cannot be ex|a*cted to give results comparable 
in rtjgularity with those obtained in the ordinary static tiMision tests ; 
at the same time they reveal in a .striking manner the brittlenes.H of the 
material. Th<* results obtained by .static t4*n.sion and impact tension on 
the small test-pi**ces used in the (,!harpy machine c.orrolK»ratc those 
obtained by ilr. P. Webkhow in so far a.s they show that iin{>act tension 
tests mve results comparable with static tension test.s. but Tables XIII. 
and XIV. show that the energy of rupture is greater in the impact t>e.HtH 
than in the statin tests, also that the elongations and contractions of 
area of fracture do not differ to any considerable extent. The closer 
agreement obtained by W^likhow is due to the larger amount of energy 
aWirbed in the tension shackle of the direct-fall machine used by him, 
and the closer approximation to the conditions of the ordinary static 



ON IMPACT TESTH, 


•29 


t«'St. The brittle Hhell steels gave excellent results in both the static 
and the impact tests, and there was nothing to suggest brittleness excepting 
the course crystalline fractures which occurred in two of the heats. Again, 
in the <‘a8r^ of i hc other steels, there was nothing to suggest their resilience 
iind toughness extsjpting their larger contractions of area of rupture, 
and their fine silky fractures. In regard to the impact tension tests in 
the direct-fall machine on standard test-pie(a>s with a series of blows from 
hamnuT of 12, 18, and .36 kg., and falls of 2 and 3m., it should be 
remembered that, although the anvil was very rigid, the tension shackle 
would, in c(jnsequence of its large mass relative to that of the test-piece, 
reduce considerably the severity of the impact, and the number of blows 
in each case necessary to produce rupture would be a measure of the 
endurance of the material. The elongation per blow decreases at first, 
then remains constant even after the test-piece has begw to neek slightly, 
and then increases near the last blow to about its initial value. The 
material is modified by the first blow and a hardening effect produced. 
Tables XV. to XVII. and Summary 4, Table VI., give tne results of these 
tests, from which it will be seen that the relative values of the results vary 
with the weight of the hammer and the drop. 

We consi^r that satisfactory impact tests can be made by means 
of the Charpy or the Guillery machines and that the smaller test-piece 
(K) by 10 by 10 mm. is preferable to the larger 160 by 30 by 30 mm., as 
the former is better adapted for revealing local defects, and can be broken 
with a .smaller machine. Test-pieces may be cut out of the portions of 
the material where local defects appear to exist, and these are suggested 
by the appearance of the polished surface after etching. 

It does not appear to be necessary to substitute a pendulum anvil 
for the ordinary fixed anvil. 

There does not appear to be any definite relationship between different 
kinds of material.s connecting the impact test properties with the stati«* 
tension test properties. The effect on the material being different in the 
two tests seems to indicate that a standard impact test should be laid 
down by the British Standards Committee as well as the standard tensile 
test. 

The extended u.se of steel for utility purposes seems to point to the 
suggestion being an urgent one. 


1918. 
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Table HI. 

Summary 1. 

Energy of Rupture* 


K.G.M. per »q. cm. at notch. 


: Mark 

' Qnillery Charpy 

1 Martens* Drop Hammer 


\ 


— . 

Remarks 

I 

! 

! 10x10 10x10 

1 ^X20 

30x30 


; 3198 

1*49 Ml 

‘ -68 I 

-87 

Carbon Steel 

1 2300 

2 49 1 22 

-87 ! 

1-09 

; 1324 

2 02 1 -85 

, 1 w 

*90 


•tm 

MW MS ; 

‘86 ! 

-85 


3184 

2 17 1-19 

108 

1 19 


’ Gun Steel 

9 80 10-85 

15-09 

11-33 

1 

1 R3> 

1071 1058 

11-43 

245 

Carbon Steel 

i 5960 

1311 1066 

4-24 

3-51 

Vanadium (%rome 

Rll 

8 54 14-24 

20-16 

17-68 

Niokel Chrome 

R19 

I 

591 12-84 

I 

20 ll ! 

16 10 

) Nickel Steel 

* These Sgures are a mean of 1324 A1 A7 
gave exooptionally high results throughout. 

A14. r.e., 

neglecting A20 which 


Table IV. 


Summary 2. 

Ratio rupture per sq. cm.^K 

Angle of ra^ure D 


GoiUety Chaqty Drop Hammer 

Mark - . Remarks 

10x10 10x10 ^20 x 20 30x 30 

319S oo oo oo oo Carbon Steel 

2300 oo oo oo oo ' >. >, 

1324 OO oo oo oo i *» ♦» 

31M oo oo oo oo i M », 

Gun Bieel *592 *639 'BSl *734 

RSt *466 *474 *564 *990 Carbon Steel 

8960 *509 *625 ^66 *781 < Vanadium Chrome 

Bll ‘217 *369 '*866 *907 Niokel Chrome 

B19 *326 *547 *696 ^ *841 Niokel Steel 
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Tabus Y. 

SUMMABY 3. 

Hardnes$ by the Amder Cone 


1 

Mark 

_ i 

GuiUeiy j Charpjr 

t 1 

Drop B 

[ammer 

1 30x30 

Remarkii 

o 

X 

o 

10x10 1 

20x20 

3198 

172 ! 

168 

178 

200 i 

Carbon Steel 

2300 

104-5 

191 

201 

201 1 


1324 

198 

187 

196 

, 209-5 ; 

f 9 

3184 

173 

178 

187 

195 ' 

99 ft 

Uon Steal ' 

280 

282 I 

246 

231 1 

»9 tf 

RSI 

125 

121 

154 i 

153 i 

Carbon Steel 

5960 1 

221 

220 1 

218 

239 

Vanadium Chrome 

Rll ' 

148 

146 1 

225 

200 ; 

Nickel Chrome 

R19 

226 

213 i 

245 i 

206 1 

Nickel Steel 


Table VI. 


Summary 4. ’ 

Impact Tension. Martetis* Drop Hammer. 
Number of Blows required for Rupture. 


Mark 

18 kg. 

2 mts. 

18 kg. 

3 mte. 



•^1 

Remarks 

i 

Qun Steel 

13-5 

8-6 

— 1 

? 


R31 

11 

9-5 

6 I 

Carbon Steel 


5960 ' 

11 

6 

* i 

Vanadium Chrome 

i 

Rll 


9 

3 

Nickel Chrome 

t 

R19 ^ 

! 11 

7 

3 i 

Nickel Steel 

i 

1 


u s 
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Table VII. 

GuiUery A pparatiis. 

Test-piece 10 x 10 x (K). Area at notch 75 sq. cm. 


Energy of rupture 


Mark 

K.G.M. 

K.G.M. 

Anglo of 
rupturj' 

K 

D 

Hard- 

m'<!H 

ReinarkH 



• 

>»q. cm. 








K. 

I)° 




3198 

B1 

•7 

•93 

0 

VO 

173 


8198 

B9 

12 

1 59 

0 

oo 

169 > 


3198 

BIT 

1 5 

1 99 

0 

VO 

166 ' 


3198 

B24 

11 

1 46 

0 

.o 

181 


2300 

B1 

lU 

2 13 

0 


199 


2300 

B7 

19 

253 

0 

oo ! 

195 

Fracture : Coarse 

2300 

BI4 

2 1 

2 80 

•0 

mt 

1 400 

194 

I crvHtaliinc, traces 

2300 

B21 

— 

— 


OO 

190 

of fine crystals 

1324 

A1 

12 

1 .>9 

0 


193 

' ttt compresRioa 

1324 

A7 

12 

1 .)9 

{) 

o 1 

199 

edge. 

1324 

A14 

14 

1 86 

0 

. \ ' 

194 

1324 

MO 

23 

3 ori 

u 

1 

i 


' Wry rough and 

1 jagged irart. 

3184 

B2 

1-6 

2 13 

0 

CO 

175 

3184 

B9 

16 

214 1 

3 

713 

178 


3184 

BI5 

.»,•> 

293 i 

5 

-.586 

167 


3184 

B26 ' 

11 

1-47 i 

0 

oo 

171 ' 


Gun Steel 2 . 
». »» 4 

„ 6 

8- 9 

9- 2 

6 6 

11-66 1 
9-11 ■' 

1 8-t>4 , 

15 

15 

•777 

•607 

393 

289 ) 

291 

286 ) 

Minutely fine 

crystals. 

R31 

4 

81 

108 

23 

470 

125 


K31 

5 ' 

7-9 

10 53 

23 

•458 

125 1 

Fine crysUln, 

K31 

6 

8 1 

10 8 

23 

470 


minutely fine at 

5960 4 

8 1 

108 

20 

•540 

221 j 

edges. 

5960 

5 

8 2 

1093 

20 

546 

221 / 

5960 6 

13 2 

17 6 

40 

442 

u« { 

Minutely fine 

crystalline. 

Rll 

2 , 

64 

854 

37 

231 

148 ) 

Fine crystals. 

Rll 

3 

63 

8-40 

37 

•227 

148 . 

minutely fine 

Rll 

8 

6'5 

867 

45 1 

193 

— 

at edges. 

R19 

RIO 

RIO 

1 i 

5 

45 

4 4 

4-4 

600 

.5-87 

5-87 

27 5 

135 

•218 

435 

221 ) 
222 f 

236 j 

Minutely fine 

crystalline. 
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Table VIII. 


Charpy Apparatus. 


3198 B1 
3198 B9 
3198 B17 
3198 B24 
i 2300 B1 
2900 B7 
2300 B14 
2300 B21 
1324 Al 
1324 A7 
1324 A14 


3184 B2 
3184 119 

3184 Bir» 
3184 B26 
• dun Steel 1 

.. M » 

R31 1 
; R31 2 

; H31 3 

6960 1 
I 6960 2 
I 6960 3 
! Ull 7 
! Rll 10 
I Rll 11 
. R19 0 

! R19 9 

! R19 12 


)8t*picc(; 

10 X 10 

X 60. 

Area al 

Energy of rupture 





Angie of 

K 

K.U.M. 

K.d.M. 

rupture 

D 


sq. cm. 




K 

D' 


•8:> 

1 13 

0 

oo 

•86 

1 14 

0 

oo 

•81) 

1 06 

0 

oc 

•83 

1 10 

0 

oo 

•78 

1 04 

0 

'JO 

1 03 

1 37 

0 

CO 

•96 

1 28 

0 

oc 

•90 

1 19 

0 

cc 

L0.'> 

1 40 

5 

280 

•85 

1 13 

0 

oc 

■75 

I (K) 

0 

OJ 

2 92 

3 88 

8 

485 

! 25 

1-66 

' 0 

c>C 

1 23 

1 63 

*> 

•815 

1 05 

140 

, T 

1 40 

•96 

128 

3 

•427 

' 8.38 

10 94 

18 

•607 

8 25 

1080 

16 

674 

817 

, 10 82 

17 

•637 

812 

1083 

23 

•473 

7-84 

10 46 

22 

•475 

"•84 

, 1045 

; 22 

•473 

' 812 

1083 

: 21 

; -517 

; 802 

: 10 69 

j 20 

i -535 

i 7 84 

1045 

20 

, -523 

1 1057 

14 10 1 

1 38-6 

i 365 

1100 

14 07 ; 

' 37 5 

! 391 

1046 

1395 

37 7 

i 352 

1217 

16 24 

1 27 0 

; -610 

906 

1208 

27-5 

: 441 

7-68 

1021 

! 17-3 

1 

•690 


Hard- 

ness 


Remarks 


Coarse eryatalliue j 
fracture, 6ne • 
crystals at ex. ' 
treme compres* < 
sion edge. ^ i 

t 

1324 A20 
Finer crystals. 


'\ t 

I Minutely fine ; 

' [ eryst.* Silky at j 
' edges. j 

• Fine cryst., 

' I minutely fine 
i ' at edges. 

Fine cryst., 
minutely fine 
j ' at edges, 
j I Pine crystal, 

' [ minutely fine 
' at edges. 

[Minutely fine 
) crystalline. 
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Table IX. — Martem' Dr<yp llaiumer. 

Weight of titp 36 kg. Height of fall 3 mtH. 
Test-piece 20 x 20 x 160. Area at notch 3 .Mq, oin-^. approx. 



Energy of ruptun> 


K 

D 


Mark 

K.G..\I. 

K.G.M. 
sq. cm. 

Angle of 
ruptim* 

Hard 

nt"<s 




K 

K 




Gun Steel 7 

47 03 

l.'>-58 

18 

-866 

248 

f # ^ 

44 47 

1482 

17 

•872 

344 

M „ 0 

46-03 

1531 

19 

•805 

359 

» » 10 

44 43 

14-64 

17 

-861 

333 

R31 1 

37-68 

13 56 

10 

•661 

161 

B81 S 

— 


SO 


151 

RSI S 

38-56 

0-53 

; so 

-476 

15S 

RSI 4 

i 36-60 

1330 

1 33 

•566 

157 

5000 1 

1380 

,4-60 1 

7 

667 

217 

5960 3 

1738 

676 

7 

! -823 

318 

5060 3 

708 

336 

3 

•78? 

220 

Rll 1 I 

63-13 

31 04 

24 

•877 

231 

Rll 3 

63-73 

3124 

35 

•860 

227 

Rll 4 

64 60 

18 20 

21 

•867 

216 

R19 1 , 

60 84 

20 28 

28 

•734 i 

240 

R19 3 ’ 

62 52 

20-84 

38 

•548 ; 

201 

R19 3 

57-60 

10 20 

1 

23 

•817 

230 

\ 


Rcinarka 


I Fine orystAlline. 
f minutely fine 
j at the edges. 

Fiiie otyataUine. 


] Minutely fine 
I crystalline with 
V deep cnMsks. 
I Kia Horn 
1 typo '* fracture. 


Table X. — Martens' Drop Hammer. 

Weight of tup 36 kg. Height of fall 3 mts. 
Test-piece ^x 30x1 60. Area at notch 4.5 sq. cms. approx. 


Energy of rupture 


M$rk 


K.G.M. 

K.G.M. 
sq. cm. 

K 

Aagh of 
rap tore 

K 

D 

i 

Hard 

Gun Steel IL 

46 59 

1034 

16 

646 

230 

♦ » 

• t 

12 

6274 

11 61 

17 

•663 

380 


9* 

13 

69 64 

13-16 

15 

877 

340 

»* 

99 

14 

46 05 

10-19 

14 

728 

334 

R31 

5 


13-68 

304 

3 

1013 

170 

R31 

6 



— 

25 ! 


163 

R31 

7 

j 

918 

204 

2 5 1 

•816 

142 

R31 

8 


10-26 

238 

2 

1-14 

149 

6960 

5 

i 

1 

24 84 

552 

5 

1-104 

343 

5960 

6 

1 

' 972 

3 16 

9 6 

•327 

240 

5960 

7 

i 

1530 

3-40 

3 1 

[ 

1-138 

335 

5960 

8 


13-33 

206 

4-6 

•658 

337 

Rll 

1 


7956 

17 68 

30 1 

•884 

201 

Rll 

2 


85-14 

f 18-92 

22 

•860 

194 

Rll 

3 


76-86 

17^ 

18 

•949 

197 

Rll 

4 


76-78 

16-84 

' |6 

936 

210 

R19 

1 


63-64 

; 11-92 

17 

•701 

168 

RIO 

2 


77-76 

; 1728 

10 

1-080 

207 

RIO 

3 


78 30 

1 1740 

1 SO 

•870 

207 

R19 

4 


80-10 

• 17-80 

35 

•712 

206 


Remarks 


I Fine crystalline, 
' minutely fine 
at edges. 


Fine crystalline. 


Minniely fine 
orystallinewith 
deep cracks. 
R 101 Fine 
crntallinewith 
mmntely fine 
crystals at 
edge. 
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Table XI. — Martens' Drop Hammer. 

Weight of tup 12 kg. Height of fall 3 mts. 

Test piece 20 X 20 X 160. Area at notch *3 «q. cms. approx. 




Energy of rupture 




1 

} 

Mark 

K.CJ.M, 

K.C.M. 

Angle of 
rupture 

Hard. 

nouH 

( 

Remarks 1 



1 

cm. 








K 

i>* 


1 


3198 

3198 

B1 i 
BO ’ 

236 

115 

•79 

•30 

0 

0 

oo 

oo 

169 

180 


1 Tup 36 kg. 

$108 

B17 

1-90 

•63 

0 

oo 

180 

S 

8108 

B84 

806 

•89 

0 

OO 

183 


i 

3300 

B1 

2-80 

•76 

0 

OO 

208 i 


1 

8800 

B7 

3-78 

1-36 

0 

OO 

104 



8300 

B14 

1*88 

•63 

0 

oo 

201 


1 

8300 

B21 

' 8*53 

•84 : 

0 

oo 

208 


Fiaetuie : Coarse 

1384 

A1 

; 233 

•78 

0 

oo 

194 


i, crystalline. 

1384 

A7 

317 

106 

0 1 

1 oo 

194 


1 3184/B26 finer 

' 1884 

A14 

222 

•74 

0 ! 

' oo 

194 


tkan others. 

1884 

A80 

4*75 

1*56 

0 

oo 

202 



! 3184 

BS 

3*13 

1 108 

0 i 

oo 

187 



1 3184 

B9 

4*52 

1 1*63 

2 

•765 

193 i 

« 

■ 3184 

BIS 

2*64 

•86 

! 0 i 

oo 

182 

1 

3184 

B26 

263 

■84 

1 0 , 

oo 

187 


1 


Table XII. — Martens' Drop Hammer. 

Weight of tup 12 kg. Height of fall 3 mts. 
Test-piece 30 x 30 x 160. Area at notch 4*6 sq. cms. approx. 


1 Energy of rupture ! 

1 

Angle Kf 

^ 1 

Hard- 



K.G.M. 

K.Q.M. ; 

rupture ; 

^ 1 

ness 

3198 

i 

B1 


. sq. cm. j 

I K : 

* -85 1 

i 

D* i 
0 

' oo 

180 

3198 

B9 

3-85 


0 

oo 

203 

3198 

B17 

3-01 

■87 1 

0 

{ OO 

206 

3198 

B24 

3*98 

! -88 

0 

oo 

210 

2300 

B1 

; 4*86 

! 108 

0 

1 CO 

201 

2300 

B7 

! 3-80 

•85 

0 

1 oo 

198 

2300 

B14 

1 505 

i 112 

0 

oo 

198 

2300 

B21 

; 5-84 

' 1 29 

0 

oo 

207 

1324 

A1 

1 3*82 

■85 

0 

oo 

201 

1324 

A7 

383 

■84 

0 

oo 

215 

1324 

A14 

3-88 

■85 

0 

oo 

213 

1324 

A20 

6*04 

1-31 

0 

oo 

209 

3184 

B2 

6*87 

i 141 

0 

oo 

198 

3184 

B9 

518 

115 

0 

oo 

196 

3184 

B16 

4-38 

1 -97 

0 

oo 

198 

3184 

B26 

1 5*54 

, 123 

2 i 

•615 

187 


Remarke i 


. Fractaro : Cioaree 
[ crystalline. 
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Statu’. 


Tahi.k XIII. ( i>ntiMiri>on of 
Impuct l»y 


i 

I Mrtrlx 

1 

\ 

Ultimate 
Strength 
Tong 
in.^ j 

Klougntiuu 

Gone* . 1 ; 'rotal 

ml ' ' on -J” 

Con. 
trac’- 
tton of 
Area 

i 

J 

j 1 

i 

ol Oti 

% 

7*0 

Inch 

*21 

18 0 

% 

02 ti 

•> 

»• ^ 

♦1 


8 0 

•2S 

22 0 

<) 

»» .. •» 

.. 4 

: Hii 1 


1 

21 

U .7 

02 04 


K19 

1 

2 

3 , 

.> 0-35 j 

1 

*2a7 

18 61 30 

R31 

1 . 

3 . j 

1 33-67 j 
33-44 ! 

— 


~ 79-40 

• f 59-40 

3960 

2 ^ f 

32-0 ,• 


• - 

59-40 


Frticlurt 


|Knorg> of 
j ruptimi 
! K iiM. ; 

rh, *’ni. 

i 

I 


Minuti ly liiu* I rws- * ! 

tills, (.1 

: IfrOo 

* 

I * , 

^^inut<■ly tine lO'.'tIt i 

tiiN, bilky ut 

ru|»-Hha{H-d. 


Ditto 1274 


Ditto 

Ditto 

IMtto 


Static. 


Tablk XiV. — Contpomoi* of 
Impact by 




\ Ultimate 

j 

Eiongslion 

* Con- 

Mark 

'Slrength 

Tons 

Gene 

liocsi 

- ! tme- 
! ToUI lion of 



^ in.' 

ml 

on 3' 

Aren 



! 

j 

; % 

Inch 

% 

* % 

3184 

B2 

I 4a ^7 

15 

-1.7 

22 5 

31 

; 3184 

B9 

} 4.3 43 

; 18 

09 

> j mo 

‘ :n 

> 3184 

BIO 

42-8D 

1*7 

15 

, 22 5 

: 31 

; 3184 

B26 

42-30 

16 

' 18 

25 

. 30 

; 3198 

B1 

j 43 20 

12 

•24 

24 

30 

: 2198 

B9 

i 4.180 

15 

17 

23 5 

, 30 

; 3198 

BI7 

I 43 71 

14 

17 

22 5 

i 39 

: 3198 

B24 

: 4282 

; 

i 

i 

M 

18 

22 

; 36 

' 

i300 

Bl 

4 . 7.77 

11 

; 

21 .7 

’< / 

2300 

B7 

44 24 

1.1 

12 

10 

2- ; 

3300 

BI4 

40 47 

12 

I 

13 

18 5 

28 j 

2300 

B21 1 

40 

1*7 

11 

20 5 

31 

1324 

A1 

1 

40 20 

13 

00 

1 

17 5 

24 

1324 

A7 

40 30 

14 

1 

08 ‘ 

18 

i 

22 

1324 

A14 

44*38 

15 

i 

-10 ; 

20 

2» 

1324 

A20 

4548 

14 

, -09 j 

185 

24 


Kmcturo 


20^0 crv»*t. 

V.V.C. 

V.F. vrynt. 


*1 

li'‘„ orvat. 
»/S”„ V.F.f’ 
70% orynt. 
•TO V.F.C. 

20% oryat. 

00% V.F.C*. 
I0',*„ v.rynt. 
90% V.F.C. 
00% oryat. 

00% V.F.t?. 
70% cryat. 
30% V.F.C. 

00% ciyat. 

50% V.F.C. 
70% cryat. 
30% V.F.C. 


Work of 
' mptnra • 

; K.O.M. 

' oh. cm. ! 


' 1385 

130.7 
: 13 60 
; UK 2 
i 14-61 
' 14-40 
i 1380 
1319 

! 13 70 

: 11-76 

11-76 , 

13-37 

113 ? I 

11- 09 I 

12- 48 i 
11-75 I 
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Slulio and Impart Truxion. 

(iliurpy A|)|)aiat,iis Impact. 


I 'lKTi^y of rnpt nr** 


Klon(;iiii<>n 


ContrfUN , 


K.C5.M. 

K <; M 

cb. < III. 

(iOllOlul 

; 1 «ocui 

'1‘olal oil 
2'* 

tioii of 
Ar**ii 

Fra<‘tiir<* 



• 

Inili 

% 



*J8 

I > .:(> 

) 1 

1 13 

IT o 

1 58 -.5 

Mmuf<*ly tin*- < r\>taUiiu-. 






I 
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Table XV . — hnpuct Tf union. 
Martens' Drop Hammer. 

Test-pioco 10 mm. clia. Area 78‘D-i .sq. mm. 
Weight of tup 36 kg. Height of fall 2 mt.**. 


£iungation iit (.-iii. 


No. of Blow. 

j K3l 0 

oOtk) ‘i 

nn 1 
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! 
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n% 

Local elongation 

— 

.... 

•«6 

*68 cm. 
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Table XVI.--/f»poc< Tension. 
Martens* Drop Hammer. 

Test-piece 10 mm. dia. Area 78 54 sq. mm. 
Weight of tup 18 kg. Height of fall 3 mts. 

Elongation in eni. 
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Table XVII . — Impact Tendon. 

Martens* Drop Hammer. 

Tt‘st-pk*cc 10 mm. dia. Area 78‘54 sq. mm. 
Weight of tup 18 kg. Height of fall 2 mts. 





Elongation in cm. 
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Tr/tt on Mnhitinn and AUotf i^terls iti t^'ntte Tension. 
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Archaeological Investigations in Malta. — Report </ the Com- 
mittee, consisting of PiK)fe88or J. L. Mvuks {Chairman), Dr. 
T. Ashby {Secretary), Mr. H. Balfour, Dr. A. (’. IIadoon. 
and Dr. B. R. M.arett. 

Excavations in the Ghar Dalam Cai'e, Malta, in July and August 1917. 

The excavations of the present year were conducti-il once mor** 
under the supervision of Mr. G. Despott, Cunitor of the Natural 
History Museum at the University of Malta. 

Two treiwhes were dug, one at 60 feet, the other at 110 hict fixuu 
the mouth of the cave; each of tliem was about 26 feet long. 4 ton feet 
wide, and 12 ft*et d^p — the latter being a depth not hitlu^rto reached. 
A largo amount of material, some 70 loxes (five C4irtlo:iil-<) in all, ha.s 
to be gone through systematically; the results cannot tlierefore hr 
immediately available. 

Mr. l>es{x>tt calls particular attention to the discovery of some verv 
fine pottery, several implements, a fairly good quantity of human 
remains (no doubt in the upper strata), and the remains of three 8pccie.> 
of elephants — Elephas mnaUlrensis, Elephas melitensis, and Klcphny. 
falconerx (the last two being found in much lower strata than the first). 
The results arc described as most satisfactory’, and a great deal mon* 
important than those of last year. 


Exploration of the PalmUthic Site known as La Cotte de 
St. BreladCf Jersey. — Report of the Committee, eonsistirtg of 
Dr. R. R. Marrtt (Chairman), Mr. 6. F. B. dr Gbdcbtv 
(Secretary), Dr. C. Andrews, Professor A. Keith, Mr. H. 
Balfour, and ColoDel R. Gardner Warton. 

Thanks to a generous grant by the Soci4to Jeniuse, in augmentation 
of the sum available fi^ the funds of the Britbh Association, work 
will be carried (« during the summer as circumstances permit, ^reral 
workers have promised to come over frcmi Oxf<Htl if allowed to travel, 
liabour srill {urobably be available as' socm as the potato crop has been 
gathered. 

Excavation is possible in three directions : — (1) The rearward portion 
of the cave-filhog needs to be removed, so as to open up the narrow’ 
outlet to the no^ at floor level. The amount of rock-rubbish to be 
attacked is not great, but some vary large and awkwardly placed blocks 
will have to be broken up. (2) As soon as the floor has been com- 
pletely cleared of the dump in process of demolition, a shaft can be 
sunk near the entrance, so as to explore the lower depths in which 
aj^am mtuuhi m homi to octm (3) A continuation of the rodmt 
bed has recontiy been disoovered.ln the opposite corner of the rsTior 
near the spot where Housterian implements have been found. Unfor- 
tunately the talus is v^ loose and dangerous here, but means may be 
found to cope with the oUBculties. 
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The ' Frce-lHace' System . — Report of the Committee, consisting 
of Mr. C. A. Buckmaster (Chairman), Mr. Douglas 
Bkruiix.k (Secretary), Mr. C. H. Botiiamley, Dr. Lilian 
J. Clakke, J^rofossor JiAiujARA Foxley, Dr. W. Garnett, 
.Sir K. .\. (iitEooHY, Professor If. Jio.Mi‘As Smith, Dr. H. 
Lloyi* SnaPk, and Miss ('. M. W'atj.hs, appointed to inquire 
into and report upon the Effects of the ‘ Free-Placc’ System 
upon Secondary Education. 

I. Introduction. 

Tub Free-pl.uco sy.steai is a name given to an arrangement by which, 
in return for certain State grants administered by the Board of Educa- 
tion, socondarj' schools, working in connection with the Board, offer 
a certain numl>er of places in the school, free of all tuition fees, to 
pupils who have had at least two years’ previous education in public 
elementary school.s. 

At the present time a school complying with tire Board’s regulations 
as to the provision of free places receives approximately 21. lOa. more 
for each scholar over 11 years of age than a non-complying school. 
This latter class of school represents a surviving ‘ vest^ interest, ’ 
and no additions am made to grants on behalf of lliose already in it. 

The Board retain power to modify, waive, and interinet their 
regulations dealing with these schools and free places and do so with 
a fair amount of freedenn. 

Thus certain secondary schools, in receipt of grants from the 
Board, are not required to provide the full 25 per cent, of free places, 
and some schools which before the introduction of the system were in 
receipt of grants are entirely exempted from this condition, rec^ving 
less grant in consequence. 

ostensible object of tiiis grant was to offer facilities for secon- 
dary educatiem to boys and girls whose parents could not afford to pay 
secondary school fees. It was to assist the poor to secure higher 
education for their children. But the determination of the question 
as to who shmild and who should not be thus helped on the ground of 
poverty was olwiously beset with the most serious difficulties, and the 
Gordian knot vras cut by assuming that all parents who sent their 
children to the public elementary sdiools of the countr}' might legiti- 
mately be considered to be in ne^ of assistance in meeting the expense 
hf secondary educaUon for their children. A precedent fm: ^is 
conclusion already existed; for many years previously the Science and 
Art Department, with the sanction of the Treasury, had extended to 
all children sitting elementary schools the classification <rf ‘indus- 
trial,* and had interpreted ‘ industrial * as equivalent to an inc^e not 
exceeding 1601. a year. The two teats are not, however, identical. 
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Just as in practice tlie requirement of the State that all children 
must be educated means thatr* only persons living in ho ises below a 
certain rateable value aiv ever calle<l upon by the educatii*iial authority 
to send their children to an etlicicnt sc1uk)1, so the mere fiu t of attenditiK' 
a public elementary school is in its turn lakiui as esidence of straiteiusi 
means. As a compromise it is perhaps satisfactory : as a real solution 
of the difficulty it seems illogical and haphazard. 

The condition that a certain }irt>por(ion of fiet‘ plac( s was to he 
resen’e<l for pupils from public elementary schools can •> into force 
in 1907 when Mr. Reginald McKenna was Presidont of the Boatd of 
Kducation. In the estimates for that year an athhti’ >nal sum (<f 
To.OOO/. was taken fur secondary schools and an tuiditioii d 120,000/. 
in the following year. Mr. McKenna, in ex[)laining lhea> ('stimates 
to the House of Commorns. sai<l : ’ These free placi -^ must not Ik* c(»J!- 
fused with .scholarships. They would l>e for public . letnentary .scho^.i 
children who w<nild nc»t lx* askc<l ti> com|>ete witli children outside 
They would only In* a.sked to pass a qualifying <'xamin ition. The 
general rule would Ik* tliat any scIkviI receiving the addi'iotial grant 
Iprovidetl for in the.se estimates) slu.ijld offer at least 2'> |ier <’enf. (’( 
its places for public elementary s<’hotd children who should enter frv<> 
There were ca.^cs where, however. 2a |K‘r cent, of the places would not 
be u.se<l in any case in this way. and in ihes»' cases it is p'op'ised to 
give the Board of Kducation powes- to waive the reipnremetit 
The increase in grant was in the ratio of .‘j to •'». . . . The policy of the 
Board wa.s to democrati.se the secondary sclnvds hy raising tin* general 
level of education and securing for the Inunblest in the land the oppor- 
tunity of education for their children in really goo<l schools.’ 

Objection was raised during the debate that even 26 per cent, of 
free places was not enough and that all restriction on the number of 
such places should be removed. To this objection Mr. McKenna 
replied thaV ‘ while a school might Be with or without fees, whatever 
the scale (A fees was it must be approved by the Board of Education. 
The schools might have as many more free places (than 26 per cent.) 
as they liked, and he personally trusted that where the school was 
provided by the local education authority the places would all be free. ' 
(Times Report.) 

He further pointed out that liis proposals would divide secondary 
schools into two groups, viz. : those that elected to on as before 
with the previous scale of grants and those that decided to comply 
with the 26 per cent, rule and receive grants on the new and higher 

scale. 

In the course of this debate Mr. McKenna also stated that at that 
time there were 600 secondary schools recognised hy the Board of 
Education, and that these schools hod a total of 104,938 scholars of 
whom over 56,000 came from public elementaiy achooJs, and of them 

fem at aJl. 

In previous year a departmental committee of the Board of 
Educaiion had reported on the queation of admission to secondary 
sohoeds of children unable to pay the full school fee, and this report. 
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which Ima not Ijotiu ina<le public, may bo assumed as the basis on which 
Mr. McKenna’s system was built. 

In the report of the Board of Education for the year 1906-7 
reference is ina^le to the froe-place question as follows: — ‘The oppor- 
tunity which an inctease of {^rant h.is offered has been usecl to secure 
that all secoiidarv schools aided by {irants shall Ixi accessible to all 
‘•cholars who a.r«^ qualified to profit by tlie instruction piven therein, 
'fhe h-es char:^e<l . . . have in many cases constituted a hairier to the 
admission of ( hildren of working men who are desirous to obtain and 
able to [u'ofit by sccondaiy (<dtu*.'i(ion. . . . It is not unreasonable to 
icquiiv. that, in retui'h for additional financial aid, tlie authorities 
I esponsible ffir the acliools should admit free a certain number of 
children from jmhlic elementary sclnxds. It is accordingly laid down 
that in all sclsools where a fee is charged a proportion of places, which 
will oi-dinarily be not less than one quarter, shall lx*- open without pay- 
ment i4 fee to scholars fiom public elernentaiy scliools applying for 
.idmission provided that the applicants are able to slfow* by a qualifying 
examination llieir fitness to pmfit by the e<lucation given in the school.’ 
(Tinit's Summary. Decemlx'r 'll, 1907.) 

It is of interest to note that in tlie Training College regulations 
for the same year emphasis is laid on the condition that students 
may only Ixi <*xclu<le<l on ‘ reasonable grounds,’ and that exclusion on 
ihe grounds of religion or of stx'ial status is not ‘reasonable.’ thu.s 
corresponding te^ the jiolicv of the Board in regard to admission to 
s(*con(lary schools in relation to social position. 

It wouhl appeal* that in actual practice a school can comply with 
this 25 per cent, rule if one quarter of its scholai's come from public 
elementary schools and are not paying fees either as holders of school 
scholarships, county scholarships, local or othor schoharships, or for 
other reasons. As such scholarships are generally awarded by a more 
or less rigid competitive examination, it is thetMretically possible that 
a school might still comply with the 25 per cent, free-place rale and yet 
not have offered any free places not attached to spedfic scKolarsKips. 
This is, however, not a veiy likely result, and the general position is 
fairly summed up in the words of a recent report to the Kent Educa- 
, tion Committee while referring to the free-place system: — 

' No special preparation is necessary for free-place scholars at 
secondary schools. The schod record and the oral test are of dedsive 
importwice and any written examination is only preliminary. The 
object of the examination is to select, not so much the children who 
ara superior to their fellows in present attainment, as those who give 
evidence of superior aptitude and intelligence, and in making the award 
adequate attention is given to character and physical health.’ 

This may, we think, be taken as an admirable exposition of the 
award of free places at its best. 

The free-place system is in fact a compromise, aaid grew out of a 
struggle, none the less real because veiled, between the moie radical 
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local authontica of clu* North t*t' I'.iifilnml and the Boanl of IMticatiou as 
successor to the defuiiot Science and Art IVpartineiil. 

I'nder the latter IskIv School liiKirds had < slaiili- ‘i<‘d scieiaa* 
sclaads supjKU'ted partly hv grants fur scu iuf, art. and ma aial iiistnic 
tioii, and aftendeil h\ chiitlreii of hoth sexi*s who liad jm 'od thmugli 
the orihnary olcinetitaty curiicuhun aiul vsanttd '>ine fustluT 

education. When. a^. a coiuhtiun i>f tlu> gi.uits, tlu-.e (hools wiue 
urgtsl to provide etlicunt literary instructii>n in Mol’IisIi md at least 
otu“ nuxlei’ii language tiie_\ l>eiMiue •'t'coiularv sc1i«h>!'. ui ;■ 1 l>ut name, 
and flourished for a tinu* exceeduiyly. But the de> ^lon in the 
Bright(‘n case, followed hy the famous ('(H-kerton j idg: eiil. that a 
Scho«.>l Board could lun legaliv spend the lates on •.cIkx.U of tins t>pe, 
V. hich were, as a rule, without fee t»r witli fees not exoeeii ng a shilliie. 
:■ wct'k, led nitirnately to tin* aindition of tin* Seliool Boan! s\s!i>n; and 
the creation iif the hx-al eduo.itiori authorities, wiilr det.mte powius 
for secondary eilucation, in its place. Several of these new locil 
authoritins followed tiie policv of tluar School Board piedt lessors alal 
ke[it the foes of the reconstni<'t<‘<l org.inised seienee sc.'.xds at an 
almost nominal sum since the Ih‘ard of Kducation S regul.ttums 
reijuiml a fee of some .unoimt to U* «-harged. 

The Board .strove for some years to r.iise the school fee — not, if 
must be arlinitted. from a desire to exclude the pootvr childivii from the 
schools, but from a wish to increase the scluxd's resources, toemphasisr* 
the importance of secondary education, and to squeeze out all children 
who were not determined to take their secondary school traininj? 
seriously and stay at school sufficiently long to profit by the school 
instruction. The opposition, represented by certain local authorities, 
concentrated if.s efforts in making secondary cilucation as accessible as 
possible to any child that rlesircd it. and as a result of tlu?se contrary 
forces in truly English fashion the free-place ex|)e(lient was devises!. 
Like many other illogical devices it has shown during its ten ye.ars’ 
existence that it i.s workable and that it possesses a remarkable amount 
of vitality. Whether in the immeiliute future it will be superseded by 
some more comprehensive sy.stem it is im|)Ossible to foresee. 

II. Summary' of Ixform.ytion okriveo fro.m the IIeadh or Sciiooi.s. 

Ccqiies of a questionnaire were sent to the 910 schools which receive 
grants from the Board of Education; 384 replies (42 per cent.) have 
been received. 

A very large nurnlxir of schooks say they are quite satisfiefl with the 
present working of the system ; others, whilst not objecting to the 
principle of the system, fwint out diRicuIties they have found in its 
working, or make suggestions for improving it. In this analysis mon* 
attention is naturally given to suggested alterations than to expressions 
of perfect agreement; but it must be remembered that as far as the 
evi^nce goes the sy-stem is working very well in the large majority of 
those school.s whose pupils are drawn from the elemental^ schools to 
the extent of more than 50 per cent., including free-place holders. 
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Mftjfi itj Ailhiisy.idii . 

1)1 tlm iii;.j(jiii\ «jf cases this is Ijy iiiOiiiiH of a written competitive 
( x.iJiiiiiiilion, 1)1)1 a cousidc-nible nuiiiber of schools add an oral lest 
wliicli is olli n condiict<‘<l by tla* bead of the secondary school and 
soini'tinies in pie^e.nct; fif it icpicsentative of tiie elementary schools 
and (<<)•) ill) t-iliiciilion olhc<*i'. When this or:il test is made, the object 
^(‘in rally t * deteijnine the ^en<)-a] intelligence of the child as con- 
trasted with Ms niei'c knowled;^e (-ee iindei' ‘Ability '), but sometimes 
j: is used ii-. .1 me. in-, <<1 finding oiji wln llier tlie paient on the one hand 
can :iti'oi(l tic necessary liooks. Ac. (see nnder ‘Finance’), or, on the 
oilier, if he ii (|uires the financial help of a fiec jilace, and also whethei’ 
the parent wdl ki-ep the child af school lor a siifHcient time to enable it 
to bel l-fit Iw becinninc a secondaiy ediuation. In a few cases the 
paieii! is obh_'ed t<i sign an iind<-rt.ddng to keep the ptijiil at school 
i.nlii he or she has leached the. age of 10 . (See under ‘ Finance.’) 

In cas< s V. heie the admission is liy meins of a. comjietitive examina- 
t.on, the actii.il conijK-tition is r»f the most varied kind; in large .schools 
o( high reputation situated in important towns, there are often ten 
( .indidates for each vacant placi-; in the country schools, however, 
complaint i.s fre(|uently made that ‘there is no real comjietition ’ ; 

' less than half marks ipialify ‘ almost anyone can gain a free place.’ 
In conskh’ring the ri'jilies as to the ability of the pupils it is necessary 
to bear these fac;ts in mind. 

ProportioH reachimj Matriculation. 

A very large number of schools Jiave made returns purporting to be 
the jtercentage of fi^-placers who reach niatriculation standard; since, 
however, the.se returns are very difficult to undei'stand they are not 
included in the present analysis — e.g., a large school in the Midlands, 
which is represented on the Headmasters’ Conference and has obtained 
a large mimlier of University scholarships, states that 13 per cent, of 
the free-placers reach niatriculation standard, whilst a small mixed 
bclaxil in the North of England gives the percentage as 80; this is only 
one of the many examples, and it would seem that cither educational 
results vary inversely as the standing of the school, or that different 
headniastor.s have dilteront ideas as to what is meant by * matriculation 
standard.’ It is probable that the explanation is to be found in the 
following, which is typical of a lai*ge number received: — ‘ A satisfactory 
proportion reach the standai'd of the Junior Oxford and Cambridge Local 
Examinations; a few' reach matriculation standaixi, but the majority 
leave at too early an age to do so. ’ 

Speaking generally, it seems that those fi'ee-placers who are capable 
of benefiting by a secomlnry education .at all, reach the average standard 
of the school ; whilst in scliools where the large majority' of the pupils 
have been in elementary schools the standa^ reached by free-place 
holders may be higher than that reached by others. 

Physique. 

Only two schools rcixirl tliot- the physique of the boys is insufficient 

b2 



48 


REPORTS OR THE STATE OF SCIENCE. — 1918. 


to sltuid tlve strain of a secondaiy education ; in the case of girls, how- 
ever, it is sometimes mentioned that honte duties after school hours, or 
long jounieys home (either by train or Wcycle), impose a strain which 
prevents them from obtaining the full advantage of a secondary school 
life. 

Games and Corporate Lije. 

In schools with a large pioportion of ex-elementary pupils there is, 
of course, no difticulty ; some of the other schools report that the fiee- 
piacei's keep themselves too much to themselves — it is never mentioned 
that the fee-paying pupils keep themselves apart from the others, but 
this possibility must not be lost sight of. Speaking generally, fiee- 
placers seem to join in the gomes and corporate life of the school as far 
as their journey home and financial considerations allow. — (See under 
‘ Finance.’) 

Ability. 

Opinions as to the ability of free-placers vary much ; in schools 
where the percentage of ex-elementary pupils is high they are generally 
said to bo alxtve the average. In schools with a smaller percentage 
of ex-elementary pupils the opinion is less complimentan', and the 
following complaints have been iieceivecl : — 

(1) The average ability is satisfactory, but they reach the limit uf 
tlieir capacity for advanced work sooner than do the others. 

(•2t considerable number are quite unfit to,l>enefit from a 
secondary education. 

(3) The competitive examination that is lield fails to discover tho 
be.st caiuUdates ; this is partly clue to the essential difference between tho 
curricula of the elementary' and secondary' schools ; tho moi'e fact 
that the children can write neatly and sum correctly is no proof that 
they can benefit from the study of languages and mathematics. 

Industry. 

A very few complaints have been received under this head ; and those 
few will Ixj considered imder the paragraph ‘ Tenure and Finance.’ 

Character. 

A number of complaints have been received respecting the moral 
attitude of free-place holders, especially in regard to their ideas of 
school honour. .Some schools ref>ort a considerable improvement in this 
respect during their secondary education. Other and less frequent 
complaints are: — 

(1) Lack of esprit de corps ; (4) Bad manners ; 

(2) Want of ambition ; (5) Lack of modesty (from a girls’ 

(3) Want of personal cleanliness. school). 

It is probable, however, that hardly any of these complaints can be 
urged against the free-place holders per se. 

Curriculum. 

The incorporation of free-place holders with the cl^uss organisation 
of schools is often attended with difficulty, especially in schools where 
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llie percenta^ of cx-elementary pupils is small ; the difficulty mentioned 
is that the children have not begun Latin, French, science, or mathe* 
niatics; it is also added by a few schools that the high standard 
obtained by the free-placers in arithmetic causes trouble. 

Although many schools mention the difficulty, it does not seem to 
l)fi acute if the free-placer enters at or under the age of 12 ; for in this 
<‘ase an extra lesson in the afternoon during one term, or an arrange- 
ment for teaching the lower forms in sets, enables the more able pupils 
to catch up the others. In the case of those who enter above the age of 
U1 it is, however, frequently mentioned that the whole curriculum of 
the school is upset, the fee-payers are retarded in their progress and 
the free pupils fail to benefit from their lessons ; it is generally agreed 
tliat no free place should be given to such children, and, since no school 
is required by the Board of Education to admit free-placers over 13 
.years of age, the difficulty, such as it is, must be considered to be 
created by the schools or the authorities themselves. 

Dinners. 

Altliough one lai'ge school wrote asking how it was possible for there 
to bo any difficulty in the matter of school dinner's, a very considerable 
number state that they are a constant problem. The schools situated 
in large towns and drawing their pupils from their own immediate 
district seldom tuake provision for dinner, but in those attended by 
pupils from a distance it is very common for a meal to be provided at 
a cost of from 4d. to 9d. per day ; the usual charge is 6d., but one school 
states that they provide a non-meat meal at 3d. ; in very>^ many cases the 
free-placers cannot afford even this, and .the resulting problem is met in 
various ways. The London County Council, the Kent Educational 
Authorities, and [x»ssibly some others seem to make special main- 
tenance grants to cover the cost. In some cases where pupils, whether 
fi’ee-placers or others, bring sandwiches a separate room or a separate 
table is provided; one girls’ school mentions that everj' effort is made 
to make tliis table as attractive as possible by placing flowers, &c., upon 
it. At one large school for boys some of the free-placers earn their 
dinners by waiting upon the others first and taking their own when the 
oixlinary meal is over. In many cases, however, the matter seems to 
bo left to private charity, often that of the head of the school or 
Governors. 

Amongst the schools wliich find a difficulty in the matter of dinners, 
there is a general agreement that the children require a good meal in the 
middle of the day. 

Social Status. 

Several schools state that since they received free-placers the 
‘ better-class ’ parents have withdrawn their children and it has been 
necessary to reduce the boarding fees; a few state that this may be 
‘ suoUNshness, ’ but it is a fact they must take into consideration. It 
seems, however, certain that this class exclusiveness is bec<xning less 
strongly marked, and neetl not be considered a serious obstacle to the 
development of the system. 
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Tenure oj Free-Placen> ami Financial Con*sideration$. 

These two subjects are so frequently reported upon in the same 
connection that it is convenient to consider them together here. The 
chief complaints are: — 

(1) Free-placers are under no obligation to give notice, they cun 
* just shiy away ’ at will; a fee-paying parcuit can l)e sued for a term’s 
fees if a pupil is withdrawn witliout notice, but this is not possible in 
the case of a free-placer, unless a definite undertaking has Ix-^en given by 
the pai^nt. 

(2) Free-placers are very freijuently withdrawn from schools after 
about two years — /.<*. before they iiave been really able to benefit from 
a secondary education; this is sometimes caused bv the parents Inung 
unable tc keep their childr<*n at school longer without a maintenance 
gu'ant ; sometimes Ixxmuso the cliild is only * sent to a secondary school 
in order to obtain testimonials and sometimes Ixcanse the cluld dot's 
not wish ‘ to he bothered ’ hv having to prej)aie for examinations. 

(3) Some schools report that they only accept free-placers whose 
parents sign an undertaking to keep them at school until the end of 
the sc1kx>1 year in which they l>ecomo 16; and c;is('> are on rectad 
where damages have lieon ret^overed when such an undertaking 
been broken. 

(4) Ihe very poor can seldom, if ever, allow lh(*ir children to acccj)i 
free places without some form of maintenance grant. 

(5) In many schools where tliere is a games subscription some <>f 
the free-placers can only pay this if there is a maintenance grant ; failing 
this, they are cut off from niucli of the corporate lift* of the schcx>l. 

(6) It is impossible for childivui to travel long distances to sc*bo<4 
and to stand the mental amt })hysical strain of lif(‘ in the secon<la»> 
school unless they have* a good meal in the middle of the day; riianv 
of the fre*e-placers cannot atfonl this without ;i nininhsiance giMnt, and 
they consequently fail to derive imich benefit from their post-elementary 
education. 

(7) Many free f>laces are given to children whose pa»ents can wi*!! 
afford to pay the fees: it is reported by many schools that most of tlu'ir 
fee-paying pupils are those who have tried for but failcs:! to obtain a 
frete place; others report that rpiite well-to-do people send their cliildren 
to elementary schools and then pay for extra coaching to enable them 
to gain free places; while one hoarding scliool was asked to receive as 
a }x>arder a child who was in the schrxd as a f)ee-|)Iacer. 

In connection with this point, one school suggests that it is unfair 
to prevent those parents wlio have made an effort to send their children 
to secon<lary schools from receiving the Ixnofit of a free place, the mor(^ 
so since such children would as a rule afford Ixdter material to buihl 
upon. 

(8) The rule that no one can be deprived of a free place for an 
offence which would not cause the expidsion of a fee-payer has the effect 
of keeping in school pupils who, because of unsatisfactory character or 
lack of industry or ability, ought not to be educated directly or indirectly 
at public expense. 
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The following are the chief alterations suggested by the teachers : 

(1) Free places should at first be awarded for one year only, with 
power of renewal. 

(2) I’ovver should be given to the Governors to withdraw fico 
places from those whose iei)orts are fre<pient]y l>ad. 

(3) Free places should otdy bo given to those in need of financial 
asbistanco. 

(4) The money now wasted upon pupils who are unlikely to benefit 
from 0 .secoiidary education should l>e devoted to jjioviding maintenance 
grants to the more deserving. 

(5) When school dinners are jn'oridetl, (ho free place should ho 
combined with a juaintenance grant, paid direct to the school, to cover 
the cost of this. 

(6) Maintenance grants should, wlien necessary, lx? made to keej> 
former holders of free 2ihice8 at one of the Universities. 

(7) A grant should in all cases l)e made to cover all games subscrip- 
tions and railway tickets to school matches, *tc. 

in. Sl'MM.MtY OF iNFOriM.VnON' OKKIVKI) FKOM THK OFFICIALS OF 

Col'NTY AND Honor(iii Afthoritifs for Higher Edi'c.atio>:. 

Itecpiests for an expi’ession f»f oinnion on the fiw-fdace system w<‘ie 
sent out to the o() (’ounties and To County Boroughs in England that 
are responsible, for (he local control of Jiigher e<lucatioji. 

Replies wet'e icceive<l from 30 Counties and 45 County Boroughs — 
i.c. from 05 per cent, of the whole nuntber. Quite a number did more 
than answer the fiv<‘ main (piestions, and su]>phcd full descriptions of 
their schemes and opinions as to their working. These fuller answeis 
were most helj)ful in arriving ut a fair judgment of the (rend of adminis- 
trative thought. 

1. The chief fact that emerg<s clearly from the returns is that 
(’iniiilij SihtiJitrsJiip Si'heiiu.s and Free Plaeex ieitd to merge into one 
.sifstem. It will jx-rhaps lx‘ well to put clearly here what is historically 
the difference between the two classes, for in matiy areas the difference 
i-. purely historic and no longer exists. Before the rule was establishe«l 
that grant-earning schools must mu’inally offer each year free places 
to the number of ‘25 percent, of (he total entrants to the school of the 
previous year, many local e<hication authorities gave scholarships (o 
secondary sc1kk>1s to lx>ys and girls at alxiut the age of 12. These 
scholarships sometimes carried more than free education, jiroviding 
travelling expenses. lxx>ks. and maintenance allowances of varying 
amounts. They wore usually for a period of three or four years, rarely 
longer, and only a few holders, with the help of intermediate scholar- 
ships, stayed the ftdl life of a secondary school up to 18 years of age. 
The Board’s free-place. scheme cut across these arrangements. The dis- 
tnbu/ion of free places depended on the situation and numbers of tho 
secondai'y school, not on the juvenile population of the district, and 
the period of tenure was ‘up to the school-leaving age.’ Authorities 
therefore had two paths to choose from ; they could either turn their 
county scholars into ‘ fi'ee-placei*s ’ by extending the period of tenure 
up to the ago of 18, adding or subtracting where necessary to make 
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up the 25 per cent., or they could keep their scheme for county scholurs 
intact and aiUl another for free-placers to meet the Board’s denumds. 
The returns show that, in the area of at least two-thirds of those making 
returns, \shether (’ountics or C’ounty Boroughs, the former scheme has 
been adopted. Free-ploce holders and county schohu-s are indistin- 
guishable. Only m a few instances do the returns show whether this 
iias meant the corubinatiou of the advantages of both schemes. Tin* 
lengthened tenure is obligatory, but it may be balanced by dropping 
the allowance previou.sly gi%*en to county scholars for travelling, Ac., 
the Boanl’s scheme demanding merely freedom from tuition and 
entrance fees. .Some indication of what has hapi>enrd may be gtiined 
from the name retained; where all aro called county scholarohips the 
incidental advantages often remain ; where all are called fitKs places 
they curry as a rule nothing but the minimum rt*quirement« of the 
Bosml. The existence of two vsehemes side by side is certainly con- 
fusing and must add to the trouble of administration. 

2. Travellhuj erpetises are paid to holders of free places in 2(J 
Counties out of 36; in the C’oimty Boroughs they are apparently 
considered unnecessary. 

Jklaintemnce allowances of some kin<l are paid in 61 per cent, of 
the areas, but they are very small indeetl, usually confined to ‘ nec€‘s- 
sitous ' ca.ses. and sometimes to those over 14 years of age. County 
Councils seeui slightly more generous than (’ounty Boroughs, but this is 
probably due to the factor of distance, which makes some contnbution 
to the cost of dinner at scliool imperative. Few allowances rise to a 
figure beyond that needed to cs>ver this single expense. In areas where 
there is a double scheme of county scholarships and free places the 
allowances for travelling and mainten.ance .are frequently confined to 
the former, who represent the pick of the candidates in the examination. 
An the capacity to do well in an examination Ijears some relation to the 
relative poverty and consequent ill-fee<ling of the child, this results in 
the poorer children obtaining the least help; where travelling expenses 
are nob covered the free are not really open to the country' 

labourer’s child. 

3. The returns as to ability of holders of free places compared with 
other pupils are rather indefinite. Of those who replied to the question 
about 40 per cent, of the County Boroughs and about 30 per cent, of 
the' Counties consider the free-place holder above the (wdinary fee- 
paying pupil in ability. 

4. Very few of those who sent returns have any belief in Higher 
Elementary Schools, 8 among the Counties and 5 among the Covmty 
Boroughs alone holding that some of the children might do better there 
than in secondary schools. There i.s, however, a considerable body 
of opinion that Junior Technical Schools would be useful in this way. 
This is esf^ially the case among the Counties. 

The chief trouble is the shortnes.s of the school life of the secondary 
scholar, and tliis makes some of the officials think that three years in a 
technical school would be a better investment. Where a full four or 
five years’ course is taken most of the returns are that the results are 
satisfactory. 
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f). Tile tendency of teaciiers in elementary schools to keep back 
their pupils from competing for scholaraliips is reported as decreawng 
and now only occusionul. In this matter the teachers in the County 
Boroughs seem in advance of those in the Counties, but it must be 
remembered that in country districts the facilities for making use after- 
wards of a secondary education are much less than in the town, and 
teachers may well liesitate to urge any but the cleverest to make the 
necessary sacrifices. These, too, are greater for the country than for 
the town parent from the nature of the case. 

IV. XrMKlJK AI, .\n.M.YSI8 OF OPINIONS UECFIVED FBOM TIIF, 
Schools affected. 

Percentage of the schools not satisfied with the system : — 

School^ with imm* tlum 40 per cent. o{ frcH -pliwc* holderh . IM) per cent. 

„ „ !xawci*n 20 i*nd 40 per cent ,, „ . 4*> per c‘cnt. 

,, ,, IcBs Umn 20 pc*r cent. .54 per cent. 

•Schools with molt* than 40 pv?r cent. < x-ch*mentari' pupils 42 per cent. 

,, „ Iwtwcen 20 and 40 per cent. „ 60 per cent. 

,, ,, than jK*r cent. „ 58 per cent. 

More are satisfied in large towns where competition is keener and 
the standard consequently liigher. 

Masters se<*in more easily satisfied than mistresses — e.g . : 
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< 'iimplainU ultout charat tor came fmm 32 imt cent. «>f (JirLs' and 11 per cent. Boys', 
t'omplaints about late entry came front 0 jkt ifiit. of tJirls’ and 3 percent. Boys'. 
Ooinplaints about strain come from 4 per cent, of (;irls' and 2 per c-ent. Boj's'. 

On questions rti Social Stafus. Dinner Difliculties, Ability and Cur- 
riculum, the complaints are about equally divided between the Boys’ 
and Girls’ Schools. 

V. The Percentage of Free-place Children actually in the 

Schools. 

The following numbers are obtained from ‘ Statistics of Public 
Education,’ 1913 and 1914: — 


Fee.paying Pupil* : Bov*. Oirla. 

Ex-puhliu Elementarj' Schools . 33.8 27.2 

Other Schools 31.1 35.3 

64.9 62.5 

Free Pupils : 

Ex-pubUe Klementsry Schools . 38.3 35.4 

Other Schools 1.8 .1 

35.1 37.5 


• It mnat bo romembered that the number of ex-elemcnt«ry pupils in any school 
is almost always in excess of the number of free-place holders, and that rons^uently 
these two sets of results are based upon different data. 
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The peroenlage of free pupils admitted during the year is given : — 

Bojr*. Olrl*. 

9M-payin{( Pupib ...... 70.3 00.1 

Fne ....... 2)).S 30.0 

These numbers point to tlie duration of .school life being gjv;itcr 
amongst the free pupils than amongst those who pay fees. 
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following are calcul.ated: 

— 






Fco Piiyini?. 

Fix**' Pupilrt. 





Boys. 

ilnU. 

IJuiler 9 veart of 


8.9 

0 0 

0 0 

n and under 

10 . 

o !» 

4 3 

.2 

1 

10 

11 . . 

4 t 

113 

2 

15 

11.. 

12 . 

, 9 

8.9 

9 4 

88 

12 

13 . 

Io3 

14.1 

13 0 

J2N 

13 „ 

II . 

. 13 5 

13.2 

3 9 

4 7 

Over 14 . 


9 0 

12.2 

t.l 

3.0 



:o.2 

r,a9 

2tK8 

:k*.9 


In order to compaiv the .tgc at eiitiy of the two classes it is con- 
venient to obtain a percentage of each st'parate class. This gives : — 


Under 0 
9 and an<iiT JO 

to „ .. 11 

11 „ .. 13 

12 .. i:i 

13 ,. U 

Over 14 . 


Fe« PayinK- 


Bovx. 


, IM 

130 

. 8 4 

0 2 

. 11.0 

9.1 

. 14.1 

13.0 

. 21.8 

20.5 

, 19 3 

19.1 

, 13 0 

19.1 

1000 

100 0 


’ Free Pupiix. 


Boys. 

Girk 

0.0 

0.0 

4 

.3 

7.3 

4.9 

31 5 

28.5 

43.0 

41 4 

13 0 

15 2 

3 9 

9.7 

llMMI 

100 0 


CONCLUSIONS AND RFX'OMMKND.VTK^NS. 

S.B. — Dr. Snape was prereiiled by impaired health from attending the 
meetings of the Committee and preferred, as he had not had the, 
opportunity of participating in the di.feussions, not to sign this report. 
Mr. Bothamlcy is not >n agreement with the terms of Becommenda- 
tion 8, which is thereforr put forward in the name of the remaining 
members of the Committee. 

1. The replies received to the questions asked from the variou.s 
authorities prove that the system is, as a whole, acting well in schools 
in which more than 50 per cent, of the pupils are drawn from the, 
elementary schools; the difliculties met ere almost entirely confined to 
schools with a smaller percentage of ex-elementary school children. 
There is, however, but little doubt that some of the children now holding 
free places would derive greater educational benefit from a course at 
a higher elementary, junior technical, or trade school. 

2. Free places sliould not be awarded to children entering the 
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secondary schools over 12 years of age; otherwise the work of such 
schools suffers. 

3. A good riiid'day tttcal is essential tor those who have to attend 
school at some distance from their homes ; but the average charge for 
this is more than the parents of many free-place holders can afford to 
pay. It should be the duty of the sdiool or the local authority to see 
that no scholar's education is itnpaired from this cause. 

4. To make the five-place system fully efficient it is necessary that 
in many cases maintenance grants should be given for the years of 
school life above the age of compulsoiy attendance at a full-time day 
^cluM.)!. 'rhis grant should lie of about the value of the average wage 
ijf the children of the same age in the district; and should be made by 
the local education authority, acting on the advice of the school 
.iufhorilies : and this a<lvice should be given only after careful inquiry 
into the needs of each individual case. If such grants are made it is 
k-licved that the present temptation to patents to remove promising 
ptijhls from secondaiy scIkkJs Indore they have been able to derive 
fill! iHUudit from them will In* removed. 

•'>. The strength ami efficiency of the five-place system is dependent 
for Its success on the provision of greater facilities for the sup}n)rt of 
M coiulary m Ikk*! childivn of exeejttional ability at the Universities and 
higher technical hchools; this can lx* met only by the provision of 
a larger numln'r (d seli(,l;ii*ships from s<>condarv schools, and these 
of greater value* th.in is at present the ease. 

Unle.ss .supplentente<l by large sch<n»l scholarships it is, for example, 
nothing hut a mockery to offer a scholarsliip (d 40/. or oO/. a year tenable 
nt Oxford or Uaiiibridge to a candidate whose home circumstances do 
not- permit of a very substantial a«ldition theivto being made. 

G. It should In^ possible t-o remove fiivn the five-place li-st the names 
fd pupils who are reported for habitual laziness; such removal to be 
imwle by the governing Innly «d tlie school acting upon the report of 
the. head-ma.ster. 

7. The aw.'ird of a free place should not lx* based exclusively upon 
the results of a written examination, but in conjunction with an oral 
I'xaniination comlucte<l by tJio head of the secondaiT school with the 
aid of one or more! p«M'sons appointeil by the local education authority 
from the contributory sclnxrls. 

8. The free-placo system should lx? available for all classes of the 
community; those patents who have made an effoi't to fowand their 
children's education hy paying ftvs for them whilst young should not 
lie prevented. avS at present, from gaining the lienefit of a free secondary 
education ; the difficulty may proliahly lie best met by ruling that all 
candidates must have lieen educated'for two veal's in a school inspected 
by the Boawl of Education and classetl hy that Board a.s ‘efficient.’ 
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Plant Pathology. — Report of the Comntittee, consisting of Pro- 
fessor M. 0. PoTTBB (C/jairman), Dr. E. N. Thomas (Seen - 
tary), Professors B. T. P. Barker, Bipfbs, and V. H. 
Blackman, Mr. Bribbley, Mr. F. T. Brooks, Mr. 
Cotton, Professor T. Johnson, Drs. F. W. Kekblp- and 
G.TT. Pethybridge, Messrs. J. R.amsbottom atid W. Robin- 
son, Dr. E. J. Ri’SSELL, Mr. E. S. S-U.mon, Miss A. fiORRAiN 
Smith, Dr. \V. G. Smith, Mr. H. \V. T. Wager, and MUs 
E. M. W.VKEFIELD, upon the nrcessitij for further protision 
for the Organisation of Research in Plant Pathology in tin 
British Empire. 

The Committee appennted la<»t July liave mot on .several occasions and 
very carefully considered the [)osition with i-e^rtl to the neces.sity for 
the provision of further facilities for the organis;Hion of research in 
plant pathologv- in the British Empire. 

They confine t lieir rem aj-ks in the present it*p*rti to tlie i’onsiderati«*ii 
of condition.^ in Great Britain. 

They conclude that the present opf>ortunities for training, research, 
and correlation in plant pathologv* are quite ina^Ieqiiate. 

They are of o|iinion that there is grave net’cssity (see Appendix A) 
{<»• the provision of further facilitie.s for the o»*g'anisation of reseawh 
in plant patlw>logy, and tlnat the following developnw'nt.s must In- 
secured : — 

1. The establishment of a central institute devoted to Ui© study of 
plant disease, and the establishment of a laboratory for the supply of 
pure cultures.* 

N.B. — It is realised that it may not l>e jK).s8ihle, or at any r.ite con- 
Tengent., for such an Institute to attempt to cover the whole field of 
agricultunil, liorttcuUural, and arboreal plant disease. 

2. The encouragement of local Stations for the study of such aspects 
as local conditions of produce, climate, &c., make particularly possible 
or desirable (as, for instance, in fruit-growing areas, &c.). 

3. The encouragement at the Universities of instruction in the 
phenomena and underlying scientific principles of plant disease. 

4. The insistence, as far as iK>ssibk!, upon the study of chemistry, 
physics, and bacteriology as a necessary’ preliminary to training in 
plant pathology, which should be approached preferably by way of a 
degree in botany, follcm’cd by research >vorh at an institution of experi- 
mental phyto-pathology. 

5. Ibe production of a new publication for the inclusion of abstracts 
and research in plant pathology. 

‘ The Committee is informed that there ia every reason to snppose that a central 
institute is about to bo estabTlilsilned. 



9jm0wax. 


* ArrtM. 

8cal>. Fvui{€hdiMm dkndriUmM 


Brown Hot. Monilia frnHigtna 
BloiMiotn Wilt. MtmUia cinerta • 
(''nnkcr. StHria diiU$tma . 

Miltlow. Podo^pkfura Uuro^ 
iricAa 

Bittor Pit . * . . ♦ 

Silver Leaf. putpunum 

PSAR* 

Fusifkidium pirintun 

Brown Kot. MonHi<i 
Pi.rM. 

S i t ve r lii* A f . SUrtH m pur pur* nm 

Brown Kot. Mmilia duena 

ItuKt. PurciHiU pruni 

Black Currant. 

UuaI. Crouarttum r^hictda , 

S|>ot. OlotOMportujn ribtft . 
Uoo^rbbrkv. 

.Vmerkan Mikiew. Sph^uro- 

fhtm 9mfrs*Hvar. 

Uie-baek. nn^rta 


Whkat. 
Puecmia f^mumrum 

OphichotHs 
Puttinia gramink 
Tiiktia iniki 

BaRLBY. 
VinidjOffo hordei 
Udminikmporium 
OphkholHJi 

Oats* 

Roiii. Pnormio ^pp* 
(Utilago amnar. 
OphioMua 


Clover. 

tSckrotima irifotiotum . 


APPENDIX A. 

FRUIT. 

Losses. 

Generst over Engfamd, causing fsliing of yoimg 
fruit and largely reiponsible for sopidfes of 
smaU» poor fruity which does not fc^p well. 
Could be controlled by spra;^ing. 

Prol^bly large. 

A serious disease, specially in the S.E. counties. 
Severely cripples the trees, especially on wet, heav>' 
land, and responsible for heavy losses. 
Seriously injures certain varieties in various 
kiealities. 

Fruit baiily damaii^d in some localities. 

At present not lielieved to be serious in apples. 

Often very bad, and causing serious lessees. 
Could he controlled by spraying. 


Verj* serious in Victoria and Czar plums. 

Threatens their extinction in some localities. 
Causes much loss of young wood and fruit in some 
localities. 

Causes early defoliation in certain seasons. 

Vciy bad in many counties in 1917, causing early 
defoliation. 


Formerly very serious in many parts. Much less 
in 1917. 

Serious in many localities. 


CEREAUS. 

Sometimes serious. 10 per cent. = 800,000 
quarters per annum. 

Locailp 

Sporadic. 

In aggregate quite material. 


Often serious. 

Often serious. 

t 

Losses. 

* ^ 

« Often wMiotM. 


FODDER. 

Veiy comaion locally, and probably Iai;gaty m* 
aponaiblo for clover aiokiiioas. 
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Carrot. 

#*«>l I II )Vi sciif raiiorH m 

Tvrnip and 
Phofna Hap()brtt ^jf$ff9t . 
Bacterial IKiioaaea 
Finger and Toe . 

MakqiIjb* 
Hki^etekmi^ moUma 
Phommhekie * . . 


HOOTS, 

L«»ssls. 

At times destructive in .sti>n . 


Very de.stnictive legally in the North 
Very bad at times. 

Wicfeapread» and very destructive m certain 
iocaiiliea* 

At tfmea destmoiive. 

Li>ealljr deatruetive* 


POTATOES, 


Bl^ht, PkyhpMwn 


Wart IHseaaes. ^y^v^chytrinm 
eailo^ioliVaia 

Blaekdeg. BadllHA j>h^ophihor* 
pus 

i'orky Scab. Spontf^fftora 
terranea 

Srifroiinia Jfdtroiiorum 

Leal Curl. (ProhaUff phkf^io* 
(n^itnl) 

littfdiwt .foian^tfnrum , 

Sprain 

Diy Rot. Fti^anum tmiruitma . 

y^rticUhHm 


Average loaa in British I«lc» one Ion or more per 
aew. Administnitive action taken. (Sprav- 

/m) 

Very seriom indeed. Administrative action 
taken. (Immune vancties.) 

At times very considerable and apparently 
increastfig. Iris|iectii>n cd grtia-ing M‘t‘d crop 
nm*fMiar)'. 

Dtfltciilt to control. I^ically bad. 

Bad in We.Ht of Ircdaiid. 

Bad. e.^juvially in ganlenn and allotments. 

? t<ood need csM'ntial. 

(‘ausen M^rioii« hmet* in rtton* esjM^cially among«tt 
early varieties. 

- Apparent iv in^^rt a-^ini; ; n‘<^j>on*«ilile for hn a! 
of crop. 


vE<;FrrABLf>. 

flKXS. 

Pod ( anker. f ('aiisesi eonsidefabh* damage m t t'^rtam 

/ 1 ad#' m nM ui n am 
Rust, t 

PRAS. 

Streak. Bacterial ? . . . 

Mihlear. Krf^iph^ pfAyfjont 

hKAsmicx^ 

Finger and Toe. Pln^^modiophofn Very conHiderablr, 
hroMsirni^ 

liaet^criosi«. Ps*n4*»monnA rnm- 
p€0iri9 


(*ELERY. 

Leal Spot. Septoria npin 
OSIONH. 

Mildew. Perorno^pora ^chlftdeni 
dderotinia tp 

Tomato. 

Rust. Cladimpoirium fwlmm 
Potato Diaeaae. Phytophfhma 
infeHanx 

Canker. MyMphatrtUa citrnl- 
Una 

Stripe. Cattle obscure 


Considerable. 


f’onsidemble in certain seasons. 

Locally responsible for serioui damage. 

Annually responsible for serious losses under glaiMi. 
Responsible for decay of much fruit in the open. 

Very serious at a few eeniroi in the past. At 
preient almost absent. 

Cause! very serious losses in many parts under 

glass. 
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Corresponding Societies Committee. — Report of the Committee, 
consisting of Mr. W, Whitakee (Chairman), Mr. Wilfbei> 
Maek Webb (Secretary), Dr. P. A. Batheb, the Kev. J. 0. 
Bbvan, Sir Edwabd Bbabbook, Sir H. G. Fordhak, Sir 
Thouas Holland, Mr. T. V. Holmes, Mr. J. Hopeinbom, 
Mr. A. L. Lewis, Mr. Thomas Sheppard, tfteEev. T. B. K. 
Stbbbino, and the President and General Officers. 
(Drawn up by the Secretary.) 

U'liF, Commiltec held » special meeting on January 8, 1918, to con- 
sider the proposal to commandeer the British Museum and passed 
the folltAving resolution, which was sent to Mr. Lloyd George, Sir 
Alfrod Mond, Ix)id Hotliermere, and Ixjrd Sinleley: 

' The Conesponding Societies Committee of the British Asso- 
ciatiot) which represents provincial societies in the Kingdom 
witli an !ig‘;regate mendsTsiiip ot 40,000 protests against the 
use of the British Museum including the Natural History 
.Museum its Departmental Offices. 

'Ap*i from the damage to ineplaceahh* sjiecimens whicli 
wouhl result and the confusion which wouhl he introduced into 
flic whole collection, such a step would stop scientific work of 
yre.U imjsu'lanoe t<.> the nation and essential to the successful 
pinsecution of the War.’ 

The Conferem e < f I telegates will he liehl in the ap.irtments of the 
(leological Scx'icfy. Burlington lliaise. IxtiKh.n (hy kind jiennission of 
the Council), on Thursilav, July 4. 

ftr. F. A. Bather will Ih* Pre'-alenl ; Air. Mark Sykes. Vice- 
Bresident. 

.'\t the first meeting tlie President will deliver his .Address, 
etiiit!c<l, ‘ The C(*ntrilnifioii of lx»cal Societies to .Adult Education.' 
I'lKin this a di.scussion will \\e invited. 

Afr. B. B. WocKlward. F.I..S., F.G.S., will exliibit a Typomap 
of (ho British Isles, on which naturalists may record the distribution 
of siKicies. 

The question of ‘ Grants for Regional Museums ’ will lie introduced 
bv Mr. Fercival Westall and discussed. 

At the afternoon meeting Mr. .Martin C. Duchesne, F.S.I., w'ill 
open a discussion with a paper on ' Afforostation.' 

The Committee asks to be reap[)ointed and for a grant of 25/. 
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Conference of Dehujates of Vorreapondni.j .S<'i i*'M< 

The meetings of the Conference took place on I liuisii »y, July J, 
1918, at Burlington House, IamuIou, by kind pernus-'itin * f the (leo- 
lopcal Society. .\t ten o’eltjck the President (l>r. K. A. B.\tiikr, 
P.Il.S.) delivered the following address. entitUHl : — 

2 he Contrihulion of l.ocal Societies to Adult Edncal: >h. 

It is one ihinj^ to achieve givatiiess, another to have greatne^a tiirusi upon 
one. While 1 thoroughly appreciate the honour of Wing selected to presule 
over the deliberations of a Conference, which, let me mentton, I first attendeil 
in 1881, yet I could have wished that the dignity had been thrust me 

at less short notice. With adeouato time for the preparation of an ad^lress 
suc^ as custom requires, 1 coola liave pleased myself, if not my hearers, by 
unloading tiie burden of certain ponderings during these many years on ihio 
subjects prescribed by ibe Council of the Aasociatioii as suitable for oor dis* 
cusattUEU Bui in these days every maii^s time is fitted, and you will readiW 
pardon me il inatoad I ask toot advice end hsip towards a Report which 
I hove becai asked to draw up for another oommillee. 

The mbjeci of the desired Report is * The Saleni and 8co^ of the Work 
of Natoraltsis* and similar Societies up and down the country * in special refers 
once to * non-vocaiional adult education,* or, as 1 have phrased it for our 
pufpoeee, ^ The Contribution of Local Societies to AdMt Education/ 

The reference admils of some laltinde in the interpretation of the tern* 
Local Societies. As regards restriction of place, a rigid interpreUtiori of 
the word * local ’ would exclude not only such bodies as the Royal, the Ltiinean, 
and the Oeolc^i^ Societies, but also the Selborne Society and the Museums 
AssociatiofL This would be a mistake. Again, a society must not be excluded 
because its headquarter are in London, or even becaune it has a Royal (^harte**. 
The Geologists’ Association is nmfessedly an e<iocattotia) body for amateurs. 
The most obvious activity of the Zoological Society is the education of the 
populace. Some meetings of the Royal Geographical Society and the Icttiires 
of the Royal Institution appeal intentionally to Uiose vrho* are not professed 
students of scienoe. 

As regards restriction of subject, the bodies to be discussed are in the main 
societies for ibe promotion of natuia! history studies, but include a considerable 
number which devote their alteniion in large pari to other hranchce of physical 
science, to archieology and hisUiry, ami even U* philosophy and polite literature. 
The line between naturalists* societies and the others is vague and fluctuating, 
and the name is often an unsafe guide to clasetficaiiort. A society with the 
w€^d9 *nstar»J tmioty ’ in its tith may drift into arclurology and stay ihers, 
ptrhsps haff'U^oentiiry, till some prophet of nature arises in the neighbourhood 
with force enough to re-introduce the old studies. 

Probably every district has the societies which it needs, and if people inrefer 
on* subject rather than another they are only to be oommeiid«d for cultivating 
it. The edneaiional effect depends leas on the subject than on the way tit which 
it is approached. Our ultimate clasetllralion will therefore be based on method 
rather than on matter. 

In compiling my own list 1 have excluded societies for the propagation 
of the Art# and Crafts, Pb^^itographic Societies except when Ih^ eottdfiri 
regiofial surveys, and purely literary societies such as the hundreds of Shake- 
speare Hocteties. Borne soriettes that do not, at least in their titles, claim 
cofmection with natural history or with science of any kind have been included 
because the papers read before them occasionally deal with the facts or theories 
of Natural Science. 

To appreciate the educational influence of these societies we have first to 
consider their number, disiribuiimi, and strength. 

For nearly forty years the British Associaiton tor the Advancement of 
Science has attempted to draw to its bosom some if not all of those societies 
scattered throughout our islands whtdi promote any branch of knowledge that 
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within tin* fiiilviow of th« A^ll«K‘iati4la Correnfionciing 

S<K'it4it*.^ iiu^ 4livuio(i into two clajiMeM : (1) Thoitt* which * tiiidtFrt 4 ika lo<^al 

s( iciiiifif iiiv«*Hti.:atioii iiiid publish tin* rraulla.’ J'licac are Affiliated Hocieiieif. 
(2) TIk^mc whit h * t*iicoiiia^*? the Ktmly of Kt-ieiUH*** tm oppoaed presumably to 
it}vt*stt^at io]i, atitj (it i^ itiipliiMl) dti not |uiiiliKh rchults he<*aiif»e they have none 
to publish, 'rie ^e are Associated Ste jeties. 

Kor our pre*-ent pur|iohe iho <hhiiiit'tum drawn by tlie British AMsociation 
la tween Afliliat* •! and A^H4»ciat«!d S<»cieti«*« d4>es not greatly liH>uble U8. Imieed 
a society that ' < ihoiiiag^^H a study/ even thoiigh it refrain from publication, 
may l>e iloing more imIuc iticmal movIm? than a small liKxJy of professional investi- 
gators ptiblishih^ terhin<'al |*af>ers and making no ap|ieal to the public. 

In the nuinbcr of piiblisliing M^rieties regarded as worthy of admission 

was 17o for tin* whole of the British Isles. This inmilier included the Cumber- 
bud Asiwx»iation. th«» Midlund Ciiioti, and the Vorksliire Naturalists* Union, 
uliich tlirw* l«<idies repre«o*iite<l 70 iwx ieties. Twenty of those societies were 
also in Uie general list, m that the nunilier of presumably iioii'publishing societies 
iOiiiprised in the rnioiis for about half of England alone was 50 . Considering 
the difficulty^ then as now, of obtaining information, we may say that for 
the British lake at that dale a total estimate of 200 pnbUabing mid 200 non- 
ptibUshing active societies would probably have been withm the mark. TIte 
tinmber of 39 actually placed on the roU of Ckmwaponding Sodetiea in 1885 
therefore repreamted abmi one-tenth the total ntimber and one^fiftli the admia* 
sable niitnber. This was mod ettoogh for a beginning, but, as expounded 
in Sir George Fordhamh Amreas to the Conference of Delegates in 1914, the 
number did not increiaae taatorially till the widening of the entrance qualifica- 
tions in 1995, wlieit be records a total of 72. Htgh-waier mark, according 
to Sir George, was reached in 1913 with a total of 114. 

Laat year, 1917, the numbers were : Affiliated, 88; Associated, 32; total, 
129. But of Uie AiHlkted Societies two were outside the British Isles. 

^fhis, however, gives a most imfierfect idea of the total number of eligible 
xocietiea in these islands. It is not easy to estimste what that number may 
be. hut I have made an attempt. Taking all the lists available, such as 
Griffin's ‘Year-book of Scieutifio and Leariietl Soeieties/ the Catalogue of 
the Natural History Museum Library, the HsU of the Unions, and the * Museums 
DiriH'tory / 1 ha%'e i'ompthHl a card index. It contains «392 names. But even 
this is certainly in<x>mp!itc. as will appear from various considerations. For 
instance. 1 was able to siippkHiMWt the aforesaid published lists from my own 
|H»rs<jnAi knowledge, and no doubt other people could in the same way supply 
iianu>a of other iwx'icties which ought to be in these lists. 

AnoilH’^r line of argument is derived fmm the g4K>gi'a}>iiical distribution 
of the societies lisUxl. This is shown on a map exhibited here. Two fa4*ts 
are iiianifesi on U>is map. One, the extensive areas ivithout any indica- 
tion. »Soiiio of these are due to paucity of ]>opulation, hut others must be 
assigned tin mpeh to mir own ignorance as to any lack of interest on the part 
nt the inhabitants. That I itave been able to credit certain districts with a 
gi>odly number is due to the existence of Unions, such as the Y'orkshire 
Naturalists* and the South-Eastern, whkh have swent a large proportion of 
the societies into their lists. It is only such lists tWt have told me of the 
continued existence of societies which for years had given to the outer world 
no sign of life. W here Unions have lapsed, as in the ca4M» of the Midland 
Union, or have never existed, as in S.W. England and East Anglia, our 
information is undouhtedly deficient, probably by at least one-half. Hie second 
fact iSiat emerges is Uie congregation of the rJ^rded societies in or near the 
great cities. (Jreater LoikJoii finds room for about 30, Manchester 13, Liver- 
pool 11, Glasgow 7, Edinburgh and Dublin 8 each, Leeds 0. The region round 
Bradford, Halifax, and Hudderafield, 14 or 13. It wm here that the Yorl^ 
shire Naiiiratisis* Union came into being, with its constituent societies ea^ 
within a walk of the others. Newcastle, Carlisle, and Worcester have 6 ewb ; 
Hull 5; York, Birmingham, Bath, Norwich, and Southampton are each cr^tied 
with 4. This makes 138 out of our 392, Partly this concentration ta dm ^ 
density of ponulaiton but not entirely. Something is due to fashion: Bath, 
for instance, lias a reputation to keep up. Bot a good deal ia doe to the 
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publicity atUnuUiig suoli cft'orts in thoo |>lacrf» Oiu* .soii«i\ • >in.s a rninn 
iiud the wt folU^w, 'rhero fne rcrt<uui\ siK-ictirs in nuin\ a that i>» 

lK>t so markiyi %»n the map* but they li\t‘ a life apart, «iik 1 wt* ht-.ir nothing 
of them* Instaiues of tJusS are I^»iua.ster, Woherhampton. (’«■' entry, Lieh 
fielil. ('olehester. an<l Sali'^buiN each of them * no mean tity/ tinl piohahly 
boa^tting mure than one s'ientitie soiit*tN 

Taking all the>e facts into t tuiMtleration. 1 am eon\ nu ed thil out list 

might l>e increaseil to oUtl or 5o<> without bk>ing its ihataiier 

iiut this is iH)t all : w iilely though the net inaN U* east thne »re a lunnhei 

<^f SiH'ieties canNing on ethicational work «»f eonsuleiahle \ et t4yo m:i!l 

or obscure to be c*night in its iiieshe> Any estimate «.l tneir number mti%t 

Ih^ quite vague, aiul \el it is woith attempting if oiu* w,*nt'» e tine pntun* 
i»f the state ot tin' oiuntiy Take the Ihimugh t)f Wnnbleilon \ ilh its )<t*pu 
latli**!! i>f nearly in lht‘ ll<t as vmpihNl llieie ait* t»n1\ t\vt» .s<K*5etle^ 

enlertHl, of which one Ls assiM Kiteti t»» this i%»nfeieine 'I h*‘re >ie, h»>w**M*r, 
>ix i^theis known to me a> ibiiiig itlucatnuial woik It tpiiU' hkelv 

that the same proportion obtaiiiN m many other towns Tht* incl .njttn of su<’n 
MK ieties in our li>t wouUI laix* the iiumlHT t^^ at least 

We may pau-e here to consiiler whethei it wmihl not bt* ;nl\ .nligtM.us for 
us to bring more t»f thene st»rielie> within «»ur fohi In the eirf% iji\s ot this 

<\»nference the coiKiitioms of ailintssioii iiu hnletl local scientifii imeHitgaiion 
ami the puhlivatif>n of re-oiUs >in. e the ib'h‘4at»' be< ime * f -* a iii4'nti>ei 

*4 tiie i«en»-riil Committee a it‘as»»nab^N hi,^li stamlaril was » crlaiu \ ib\‘'ifable 
\oW' that the rub' 4*f a«bmts in»n publishing ,HttMette:?v a?t asM.« jateit. w ilti 

out lepresentation *»n the general *»rnniittee. ue shtuiltl niakt* mot.* cttreimoiu 

eflf<*rts to obtain then t ») *>fH»ration K\en on the grtiuml «>f im\ estimation, the 

(uiblicMtioii tjif a ie|H*rt is no criternui of the \viliie of the sta<et\. The <on 
tents of the rtqHut may I.n k tuiginaiity, ami <‘n the iillier hanil. the meml»f*i> 
may <b> excellent wt>rk but prefer to publish in j-ome oHhu fj-trm tiiaii a s|MTia! 
organ of their own. 'I'his is rtHv>gnistMl by the S.K. I'niori, whnh compile/^ 

and puMishe* a list of siuh papers pr4Kltif^d by its memi»ers. The muliipli 

cation of trivial Re|>t^ris and i’riKeedingA is not an iininixed bleiuung to anyone 
except the printer, and 1 long regretted that the British AiMocialion ah<mld 
have feii oMiged to make this a teat for adminaion. 

Oiir object ia to eiKOurage and ro^vrdmate the work of iociit Bodeiiee, 
and we cannot do thia effectively so loeyt aa we remain oot of direct loneh 
with Bd per cent* of them. Perha|w the eenditiona of memtwrahip might be 
eased by making it poeaibte for a eociely to become a membeg of the Aaeociattmi 
by compounding for a term of year*, on the principle of the life member. 
Specially in premit < ircumaiaiiceii we ran hardly expe^i individualj* or eociette^ 
to pay a jimind apiece for the privilege of eoine five hour*'' attendance at tbi* 
(Conference. Bui if a aotiety could secure representation for 30 or 4(1 years 
by a single payment of lOf.^ this would be an iridueement to it to mend a 
delegate^ and to continue its ai'tivitie* sufficiently to conform to our standard. 
On the other haml, the aUemiame of a delegate at the AasfK iatioii meetings 
4nd at thift CJoiifet-cuice woir!d. let us hope, read favourably on the l^ociety. 

Hitherto I have considered only the nwinWr of societies. It may be worth 
while to estimate, however roughly the numWr of individual memWr*, Taking 
our own list for 1910 and excluding the asiM^ales of the targe t^niona and 
the member of the oversea societies, we find tiH Affiliated Societies with a 
total memberthin of 22,535, or an average of 356; and 31 Associated Societies 
with a memWrsnip of 7,f>79, cn* an average of 228. *rbe total average is about 
348. This number is, however, liable to rorreciion, liecama* in in«st of the 
larger societies a considerable pro|K>rtion of the mcfnbers are also member* 
o/ c4b0r iff the hgt. Aim it iff hardly fair to reckon as riiemderisitc 

Mg litrdituUM 6/ Mining Engine^r§ wiM ittf *%0no membm. Pw^bably it would 
he fair to take »» as the average ntimber of tneifibem in a society of the 
kind we are considering. CVHatitly if we imlude all otir supposed thousand 
societies, ibis wrmVd nd be an underestiiwote. That^ gives a grimd total of 
3994109 individual member* for the Britinb Isle*. From one point of view, 
a reapectable number ; but in reference to the whole population of forty five 
iutUions« only 6*4 per cent. 



CO K KKS VOS 1 > I SO 80CI KTl KS. 


C3 


FortiiihttiMy fhr ckJik alioiitil of our «oriclun^ not coufiued to 

llii'ir ii4 tUiil nil'll I Ix't’h. Often it reatJien u |>ro|>ortioit of the HurroiiiKliu^ 

liopuliiliuii. Let uh now turn to thih u**}ie<t of our tiubji*!! and how the 

^^ocletie^ work. In a muim.' ail their aitivitieii have an educational bearing, 

hut Home art n ore clirevtly than othci>. 'J’he chief of theic are Lettuien* 
Lx< uraniUh, and ^luHeunl^. 

At <»ur Nev*'a>t!e ( onferenie {Itilt;} tlie subject of Lecturer was dealt 
with in #^> adnurahJo a iiiaiimr by Mr. Terdval Auhlon in his paper and 

by lVofehH«ir l! A, in the Interim Keport of the ('ominittee on 

IVipuJar StiiMh*- Ixituri'^^ that it is imponKible for me to aiid anything, 

tiiily hu tJie > 1,1 u* of ri'jtkinder 1 would ornphaMise thiK fs>int. A distinction 

miiMt b<' drawn lM*twi*en h-rturiv //# the society and le< lures hy the society. 

'I lu* ftodity fit* siirnahiy coiisiitti> of petsoiih wlio, if not alieady learned* at 
hast are prepuMMl to Irani. 'I’hey Irml a ready ear, and nei^l no argument 
I''* coii\i)H'e tin to oj tlie interest or ulihiy of the siudie.s whidi they have 
themselves coinluued to pfonnde. Jk'fore isucli alt aiKlieiice the lecturer startn, 
without a|K>!og\ . in tho rnuhile of his subjiK't. Ijectures arrHngt*d by the 

>.M irty f<‘r .m outside puhlit stand <ui a different fiKAing. Tliey must be 
atlnutive and ill rait i\ ely a<lvertnied. The !e<lurer has hi make gf^xL to 
prnnnxle, to < Mviim* the fonner class of lectures may profitably convey 
definite ln^tnll!lon : tin- latter i lass should lx* rather in the nature of pro- 
pagatni I 'l in y in.ix afhad a glitnps«> of the marvels of science or the 

t.iHi inatnai of Uie naiural woild, but their most useful service at the present 

day will in the w<*ixis of tlie alsive-nieiitiorjed Jteport, ‘to show^ as many 

people as |>os>ihlr I fiat they are {HTSonally concerned as cilizoiis with tho 
fiositioii t'f MtienM' ill the Slate, in uidusti\, and in iHltn ation. ' The Report 
stH»ke of the lio.^idity <»r unreceptiveness of the general public t<Avards science, 
'fins attitude, and the e^jually ilintastefnl one »»f a jesting tolerance, have been 
greatly inodifieil ^>y the war. Now ih our gieat <►f^pu^tunity. The Kcieiitihc 
priniapies at the base of f^xuL of ugriruHiire, of munitions, and the like 

uffcvtii probletiiH are no longer denpijuxl, 'Jlie treatineiit iif the wounded, 
piNutei'tioit agaiiiat vermin and itmect* borne diaeaae. and tlie care of children afford 
ma4ty o|?eninga» The hii^torical background of the w*ar, the ethnology of 

Central Europe and the lialkana, Uie influence of lai^uage, the nature of 
frontiers : theae are queationa that have a lesa iiiaiateot appeal for the 
multitude, but Uiey wtu find their audiences all the same. There ia acareely 
a branch of human knowledge a|id mental aciirity ihi^ hse not been atii^ed 
into new life by the present sthiggle. Our societies must be ready to take 
advantage of thic fernieut^ so that on the advent of peace tlie public mind 
shall not revert to its old stagnation. , ^ ^ 

The secoml cHliicaiional method is by Excursions. LTiidt'r this head are 
included visits Ui natural objects, to antiquarian remains, to soological and botani* 
cal gardens, and to museums of science or of art. These are as a rule but lectures 
tn another fortii ; at any rate Uiey are demousiraitons. They are confined to the 
members, as a rule, Inil they usually prove more attractive than the indoor meet^ 
ings, and so aweil the ranks by introducing folk who come first for amusement but 
may remain for insiriu*tion. 

Of a more S 4 »rioiis character are those field excursions on which some actual 
work is done. Either specimens are v'ollecled and mx>rd8 noted, as on the 
|>opular Fungus Foruys, or a systematic, survey is conducted. As typical of 
a body undertaking such work, one may instance the Yorkshire Naiuiwlists’ 
ITtiion. In a Pix'sidential Address to that body in 1904, Mr. \V. Denison 
ftoebuck ^ said : ‘ Our true ftmeiton is tmt an educational one, but one of 

original researrti at firsi hund, and the ptiblicatioii of lesiilts. The only 
(Klucaiicmal aapet^t of our work is that in which the observer teaches himself 
by his observatiotiH, and in which original workers influence each other. We 
leave the task of irattiing the re<Tuiis from whom future observers will arise 
to the schools, colleges, universities, who are better equipped for such a 
task. It is our business to observe facts , . . and to place them on recoitl . , . 
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* Rep. Brit. Assoc. lOlfi. pp. 329-351, 

* 1994, Trans. Yorksh. Naturalists* Union. Part ito, p. 14. 
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rtiid partKulurly it w our function to i^rencrvo thi* tichl natiniilint observing 
the inter -i^iationfthiiw of natural phenomena in the open, rather than tl*o 
technical operator working in the labomtory/ 1 do not think tliat Mr. RcK^buck 
need have Ihmmi at such paitus to disclaim the etlucatioiia] value *»f thia work* 
There is no belter training for a naturalist than observation in the field, 
and presumably even the members of the Ytn‘kshire NatiiraliHi^’ rnion art^ 
not all ready-made experts. Even if they have to pass an cxamniation before 
being given a member’s card, still nature trans<ends any tca^lang and the 
more one's eirede of kiiowlt?dge spreirds the wider are the limits to the unknown 
wlucathm i.s more solid and |iermanent than 4me founded on » ftrsi-haml 
acquaintance with hard facts, in the field no less than in th- laboratory* 
If our societies wish to increase their educational f«»ice. let them follow 
thi* example of their Yorkshire colleiigues. 

The third and last of the inetlnKls by whi^h our >^»iiciie wtuk is the 
establishment arKl cure <if Museum^*. Siirne scK‘ieties e\i t for this fmryiose 
alone, as the Norwich Museum Assoiiatioii ami the Hoisluiiii .\In-'* nfn 8m leiy. 
Others have always rt^garded it as a primary function; ch are the lmdlo%\ 
Natural History* Sn iety and the Whitby Literary aini V ilonoph cal Sm iety. 
Others again have begun with the collet tituis accumulated by members, have 
gradually f*>rmed these into a pn\ale museum, then have tlirf»wii this o[ien 
to the public under gradually diminishing rest net n)ns. and hnally i»ave tr;i«s* 
ferrtNtl the whole to Uie town, either with the retention t»f a share in its 
gfiveriiment or completely. SiK'h was the history of the I'hurso Piibln Mus4mm. 
foundtHl by the Thurs^i Natural S<ietHe Association, ami the Dmlley 

(Geological Museum foniied by the Dudley and Midland (t<sd4>gical Sot'iety* 
WTiether as cause or conseqiKMue i>f relimpiishing their miiMnims, these two 
societies are now dead. In my list there are no less thati socteitejH^tnore 
than a qoartet^now actively reafioiisible for museums, and in tome caaeii 
museums of great repuiatioii. Still more socieliea have thejj^ headquartem at 
museuiiia* and often Imlp in the museititi work. While it is well that mimawia 
ahonld be fdaced on anen a aound finaiirial footing aa a municipal rata can beet 
mqpply, aiill it ia desirable that an intimate contteciioii should be matntaili«| 
between the public moseum or muaeuma of a town and the varioue Jocail 
aocietiea. Aa an edttcaiioiial inatniment the muaeum, if properly U 

unimrpaased. Like the field and the tabomtorv it teaches by concrete <%ijeela» 
which make a menre Yivid tmpreaaton than the words of a book or ledUttt^ 
The lecture ia only for one biief hour* the eacitrsion demands an occaaional 
holiday, but the museum teaches all the time. The museum forms a centra^ 
for tlie members of the society, serves to attract fresh members, and br 
its varied exhibits and special exhibitions should be making an ever frealt 
app^l to one or another class of the neighbouring pofiulaltom But to this 
and fence I need not emphasise the educational value f>f a properly conduct^ 
museom. All you have to do, if your society maiitiaitis a moseum, is to 

see that it does conduct it properly. If you do not know what that means, 
come on to the Omference of the Museums AssrKriatum and we will tell you, 

1 have purposely given a mere sketch of these educational activities^ for 
U is waste of breath to preach to the converted, and on this occasion it is I 
who wish to get advice from you. I may fitiiiigiy aimltide with an extract 
from the Report of the South-Kastein Union for 1917 ; * ‘ We l>etieve that 
one result of the war will l>e a stirring up of edncationxl enthusiasm atid 
activity, both nationally and Uically. The 8 E. rnion of .Scientific Rocietlta 
and its individual affiliated societies are e<tticational institutions. Each society^ 
can do much within own area to quicken Imwl interest in the geography 
and geology, the fauna and fiota, the history and anilquiltes, and in the 
immediate and future rivic problems and fKMisibiltiies of the district.’ 

Yes — we can ail do this, if we will only recognise our powers. And in 
thtm dajm, when me iuu powen nf tW* hind it i* » doty to exetcitm tlww. 

Sir £DWAiti» Bhabmook (Bathem «nd Dietrict Antiniuui*n nod Nstaral 
History SotiHy, and {.ewishsm Antiqimriiin lioeisiy}. (n protNNnnn « voin 
ol tb«iik<> to th« Prestdrtti, Mid that b« sfMh« b^h as founder and ftnli 


* S,S. Xa/uratitt, p. xxiii. 
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Preitident of th<- two AjuuKiattonH which he repreaented, and he claimed that 
they had done vvhat wiot in their power tr» form an educational centre in 
tliflir diatrict of [^>iidon, and in one dire<-tiun they had au auc-ceaefully educated 
their incinl>erB that quite a iiumher of them had aouicht and obtained fellowship 
of the Society of Antiquaries. 

The phase oi' education to whi<'h the President had particularly directed 
their attention was tliat of the education of the general public. The only 
(xnnt in which they had jterhaps failed in their original intention, to his 
mindt was, th.it they begun with the idea of combining ArcliSMdogy or 
Aiitiquarianisin iiid Natural History, and tliat their ^nntnbutiuns to Natural 
History had boo \ery sliglit, ami practically they has abandoned that branch. 
He was sorry tnat it was S4>, hot it lotild not be helped ; a different people were 
iuiereeted iH'rh.ip» in .\nha*oloKV from those who were interested in Natural 
History. 

He thought th.it in striking an average of 200 as the membership of hical 
sucieties the Pn-sident luui erred in excess. 

Mr. W. WiiiTSKKK (Essex Field Club), who 8i>condt*d the vote, urged that 
in estimating tlie \altie of societies they must nut be led astray by numbers; 
they aliould consider the pro|»orlion of working members. On the question 
of lectures, th'>s« * to ’ the .Society were supposed to instruct, not only the 
societies, hut the inliuhitanU generally, and very* often these lectures were 
more or less open even free, or for some slight payment. The primary! 
ohjecdi of local wx'ieties was to deal witli nmre tocat science ; Uieir next duty was 
to spri*ad abioad that knowledge. That was where the educational part came 
in. They could not, however, do tliat until tliey had started the first. Then 
another way in which local societies might do good in their neighbourhood 
in Ml unpretentioiu way waa by helping the schools. Schools would be glad 
of UNiiaiMca as to the fauna and flora of their districta. He was speaking 
now of pupils beiog taught something of their surroundings. It was a teaching 
ttuA appealed to those who were taught. He had the pleasure of doiim 
noMMilin^ of the sort himself. For instance, ha had fiftasn or airtaen gidfa 
filOil m timool aa an audience over Hampetesid Heeth. TImw rsalfy apptedated 
■inhig thittge and having them explaioed, and ha was tim by <ma of their 
tliefasrs. that they had inveetigated for themscdvee and they wanted to see 
wiwt there waa under the soil. If you could ^ a spirit of that aort in the 
edlO^ it would grow. It gave an appetite mat would inenmse, a healthy, 
wholasoma appetite. There wae, fuiib«r, the effect of this work * on 
the teacher. Some teachere were apt to forget that thoaa tiiey taught had not 
the kimwiedge they had themselves. Taking the children out brought than 
into more intimate contact with those th^ had to teach; Uiqr got a better 
idea of what to teach and how it was to be put. 

In musetuns it was very imfiortant that local societies should get into touch 
with the local authoritiee. His idea was, that in large places there should be 
some meeting-place belonging to the local authority, where not only their 
natural history societies but other public societies and public bodies should 
have come eort of resting-place or meeting-place. 

However humble their societies might be, they might and should exercise ' 
s considerable influence on the educational work of our country. 

Mr. Roskrt CocKStTEN Miure (Edinburgh Geological Society, and 
Edintargh Field Naturalists’ and Microscopical Society), who nve a list of 
the sodeties of Edinburgh, said that one of the difficulties that they had 
-iHUid be could speak as a contributor to several of the societies for many 
yean — waa that of funds. Tha subscriptions were sniaU, and in these days 
tha publication of * Transactions ’ cost a good deal. It was a curious thing 
that, whila then were charities of all kiuds, there bad been wonderfully little 
contributed to these eocieties, although Ui^ had done an immense amount of 
very valuidile work. 

WiUi regard to the subject of the President’s p«q>er, he said that a fiald 
natoraUsta* aocidy whit^ waa in tha fiftieth year of ita existence had a vary 
large number of membma who wars angagad in teadiing, and it waa vary 
anconraging to sea tha anthusiaam of thasa toachara in finding aoma new kind 
of plant or animal, and in aacwtaining from tha others, or else from tha 
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boc’kkii whi«‘h thoy raiTiinl with thorn, all that ot>uhl ho kn«>\%n about it. (\>n 
i»t4inUy, ono hoard thorn moutton that tho\ oiu taira^^oil thou* «oh<ihii« l** 

briniiC thoni sjHvimoit* of tlun^M that thoy thonisolvon <‘onhl not 

Several |)tarte4 of Scoiiaiui had exoellont niuitotiiuii : ho \Noiihl Jiot tuoiituoi 
uamos, htva«>o thoy woro :ii> mimonms. lii ro^artl U^ illiistiut ton-t <»f hiitjii 
and hint life. Nlr. 'Mtllor intiinatod that pupiln hixoit^lit spot inn im. hut that 
they h;ui boon di.stinetly told that thoiv must ho no ilosttnuti m or ^niolty 
in pr\>vkiing thorn; that whoro this ionditnui was fulhlltxl thr » uisrunts 
glad of the speoimons. 

Ml*. Miller wont say that 4 orf^uations and othtu* h^al .1 ithontu*s did 

take an interest in UK'S! sociotios, ami in Kdiuhurgh thou* CoN*l.git:d SA»titty 
was now hoitsid in tho t'orfN‘ratit>n huiltlini^s. Again, < tirjsuatioi »4 i-oiild inaih 
iiitorosting featiiros. Thoy luul several oxain|dof< 111 Kdinhm gh ; for in>t im <*, 
at a place whor«» Agassi/ had stayoiL 

On tho f>*>pular e<hicational sitlo. Mr Millor inentionetl the work o| «»m‘ 
soiontifio man wlio t<>*>k an intorost in iht* iilmation »>f idnlt-' Thoy had ui 
Kdinhnrgh for many years, John t loorge thkHhhild, wh** w .*s j. mornher ot 
m<»st of tho <tMaet!os. and ho used to gathoi roumi him a- many ‘l the pooplo 
as ho i.x)iihl got aivil ^lonionstrate at tho intisoain, or tako th-ni tho 

country and show thorn difforont thingw. He roinoinh* i »sl tn my in tan* o^ w lm h 
jxnntod very strongly t4» tho value of tloo.e tirsnai** ;»•» enmu al**d hy M 
\Vhitc*kor 

Jhe Rov J. <) IU:\ \v {VVo«*lho|»f Naturulots’ Ki»*M (luh. ntamtanod 
that it woiihl bo a nio^t <h'sitahle thin^ H* tho**e tat« d wu •. ihoir lo al 

sooietios wouhl |wiy moro attontion to the h's>N. ind ^et t)u« interest of 
tho ho'ul and ar-sisUmt teachers onli^^le*! in their subjects N‘* d<-d»t on#' ‘.nMt 
flifficulty in securing sy'^ttunato instimtion would hr thr juAuirM of Hutt«ihlf' 
tea# he r^, arxl lo. al s^waotirs ^luiuhl take painn to a^^fitam fh»« lo* d (ondituHt* 
aiwl do wl^at they couUl t*> furllu r the pKv^ision *•{ j letH r t*M« huig and 
fa* ihties 

Mr. J, HoiKlVMiN ^ HertfordsKuf* Natuial llislo: \ f agre-'tl wit‘n 

tho Prosnlont in <lraw'ing a 4ii.<tir.« t u.n U twrcn jnihhj«hmg u puhhshuig 

soeiotio*#. and tliat tho authorities of the A-^so- i Ui »a ueiv <|u}(»‘ M,;ht in givnu 

a higher t*) tho former In fftutf* rdsh:re thev had far more g*wwf 

than they 'OnUi afford to ifuhhsh . they had t<* » ut them down af»d din lim* 
M>mo Thf^y h.id not tor nome ve^nR printed a '^ingh'' pajvtr whj.h hid not 
bi*4’n tho result of !•« al m%e*ttigatu>n »»r «IhI not m<tru t <ilhers <w to in ike 
lo» al in% estigation< 

It ’A IS only in our large town- that a jety 4ould .iffoid i mu*< nm 
Their museum at St. Aihan-t had i grant fr*‘m the (kninty t'ounol of IfjOf a 

year; tho rest of the fuiid-^ lieing I'ontrihuted hy suh^< riptuiu* He knew 

the nr»u.#»eum wa.^ doing go^nl o4iu< ational w«>rk, oRpe* lallv annmg • hildren. ami 
it W.M1 vt.Rttod by |HV>pIo not *uily lr<rni disbint pari** 0/ tlu< ‘^nintry hut aUo 
from ahnxKl. 

Mr J WiL --ON {Quekett Mit ^•►s<'*^plcal Child sanl thev puhhsheRl ' Tfun#^ 
actions’ which were largely rpioUxl They had \artoUR lolhR turns of 
microscopieal sj:>ocimens, and the Club, with its dtscu^siofts, w;ws largely t#*ke*i 
advantago of by local mernWrs l>unng the Ust four yoarx members of 
the Club to tho number of a hnndrivl ha^l gone from tughi to ten in the 
evening almost every day of the w4M»k, give tedure-s to iMildiers and 
at various headc[ua>rters, and theju? !e<'tur»'^*i ha^I been afipn^eiatesl. 

Mr. T, Hmv^Anu (Hull Scientific Society) said he h.iil developed fmm 
one of the most optimistic inter the mc»st fiessimistir of m«*n Wcause he wa« 
afraid that the interest in scientific wrork was decreasing, and scunething 
would have to be done lc> inrr^jiAf^ it. In what Uiey liad done in his own 
county, or the eaateni part o( it, it looked as if they were going to nattiml 
hialoryise the whole population. But the extmordinarv result was. they had 
less pec^te taking an interest. In the old days when* they had t lasses they 
had twice or thiw times the membership in their scicieiiea that they had 
now. Another thing he was a little pessimistic about was the way in Vhirh 
their British Association for the Advancement of Science-^the one institution 



which |i>i that purpoHit— nlioiihl ha\c w-t the* example of iiut 

havtiii' un iiiitiiid )ij«‘etii»)4 Thi-re w.o* uhH<ilut 4 ly i<o extu.*^ for not having 
a tin*etiti|4 111 th.it m* Monie other I'cmiih in London. 

Mr. \V WinTAKMi HiippienieiiUd hii* remarkH hy naying that loral iKK'ieiiea 
riif(j;ht help in tlie fonnation of iihraiit^K. Their HoeietieH <oiild help in filling 
np lijl*' of M irhtifir workn in their lo< alitie^. There fnn«t he many men who 
!ia<l nninhtnn *'t hf>okH that they ilnl not KjK*eially want. It would lie veiy 
mueli belter t * do dn<trihulini> work in their lives than to leave it to their 
exeeut-.is to d< .il with, and it woiihl hi* a s4fMxl thing if they handled i»oine 
of their well ( «.ile< ti^i n< lentifn liter.ituie to »oine publie miiMonit or libniry 
to their neij,hh nrhoiMl. Inhrarie>< were one of the < hief ineariH of furthering 

edlK^ltloh. 

M isK M\jtowirr (’ (‘no'^ijiM* (flulineMrile Natuial Higtorv Club) spoke of 
a ieM\al of n tefeKt in In-i iieii'hhoijriesML where the whool t-cachers \vei \3 
Mitering into t mi* work and rfn*eading it aiiiong the rhildreii. They harfl 
.tdmtiivd te;nh*»n ml<i thi'ir na lety on ^peM^ll telni^ — a special gubscHplion of 
half a ' row'll 

Mr ^V||lrl‘»l^ Intel pohiti^d that the ^ame was iloiu* at Cnydoii : teadieis 
v.i'rr 4 Minnlti^l .n half miIim'i iption. 

rm PiU 'iMM th.inki'il the speal:ers pii the many suggestions inxKle. s^>me 
.f whnh j»juii..h!y wniiUl fnwl a phn i* in hi- Heport. The influence of their 
‘•«M'ieti*'h in ti. iung te.i* ln*rs t*l cotir’«e wa^ a wry important one. In regard 
t » tin* tiuit wa> th 4 * djfliMilty teachers had in getting away to excursion** 
It w,i.H ju'‘t i leei^ahli* that if one could emphasise the value of the work 
td tliv'^e }OM nties. .oting through the teacheis. to the cliildivn, some iriflueme 
might he hionghl to liear on the csim .itioiial authorities to fac ilitate the 
itteiHhiini* of lea< Im'I's at ex* ufMoU'* in .m In nil hours, iu the same way as 
in some pl.o » H w**it»* to mu**eums weie re< koni*d as part of the I'dinati^mal 
» oiir.-te 

What Ml Miller lia^l told them alioiil falinhurgii remindfxl him of 

the puhiif l.iUdfc he Inul hoen plea*‘ed t<» oliserve at St. Alhaiis. I>K'a! societies 
'‘hoiihl bring ndliieiu e to heai on their iiiuni< ipalities to allow them to put 
up tablets on histone huihlings, and so on. in a e<iiispit uous and artistic 

ni.iniii I . uhnii w*/u)d he <»f *gr<*at .idwmtage to the public and to themselves, 

hut they mu**! iHit lely t*s» Inin h Upon tlicse t orporutc lic»dief. Tile old sign* 

\nnitx\i* }tnt up all o\er the f»uintiy hv the ( y< lists’ Toiinng (iub were most 

\.iluiil»le. but when llu** work was placi^i in the hands of Oiurity CV»uneil.«. 
for some years mie found these ohl hoards of the (\T.t' gradually falling into 
de< fty *imi muhing to re]d.n e them. AiinIhsIv who cy<le<l alxiul the country 
fouml gieat fliver.Hity in the <-0111^0*8 These were matters in which such 
uto«ietii**H as tinurs c<uilil bring a certain amount of iiiflueme to bear on those 

public UhIic^s. 

He thought |H*rli.4p.s on the general <piesti<*n the most iTii|)ortant reinark> 

were tho^e <onlribnt*y| by Mr Sheppard. Hir* were another example of the 
fart that |HV»ple valued most what they ha<l to Like most trouble to gel and 
what they had to pay for. Another cause of the lamentable reaulls to which 
.Mr. Slieppard referre^l might |>erhaps be that the inU're>st excited by museum 
\i*nts had nothing conliiuioiis about it : they wore fK*r|>etMally intereMing pwple. 
Imt they were not leading them on. To* get |>ermanent results, U)e raueeum 
curator should give the children facilities for (ontinuing the study of any 

suhJr^ t ill whu h he fouml that their interest was anms^Ml. One must not. 

however, fleniand tmi niindi from the museums : it does not< in the least follow 
that a b<»y who takes an interest in history, is going to be an historian; it does 
not follow that Irecause a Uiy luis taken interest in geological sjvecimens he is 
going to become a geologist : only, if you want him to follow up a special siibjecL 
he must not be taught in a s< nippy way. 

The no|>ort of the CorrestKinding S 4 >cieties (\)mmitlee was read by the 
StcreUry and it was agiwd that the rounril of the Association be requested 
to apixiint Mr. Mark Sykes a member of the Committee. 
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REPORTS ON THE STATE OF SCIKXfK. IIUH. 


Kent's Cavern. 

The question of Ceveru was raised by Mr. Beviui. iuul after 

diecuasion he proposed a resotntioii to the eifiK’i titat the Couiu-il bt- asked t«i 
Araoint • Committee oonsistiug ol Mr. William Whitaker, Mr. Maik Sykes 
ana Mr. Wilfred Mailt Webb to deal with the matter. This was secmided 
bgr Mr. T. iMiappaid and carried. 


The second meeting was held at 3 p.m., and Mb. Martin C. 
DucirESKB started a discussion with the following pa{>ei' upon: — 

^ Afforestation : Its Pravth c atul Science. 

Introduction. 

Afforestation — » Ufr-ion^ interest to » few-~uiitil recentlr was little inttre 
than a word to the average politician and the public. The war, howcvei, 
I.a4« opened many t^yen to the grave and pn^iiig imfiortaiu'e of an a^nred 
national timber supply. My object i» to thin tiM|>4irtance and to 

bring out the need abo for ctoeer aHi»ociattt>ti «>f scieinit* with practtc-^* in IniiUling 
up our future timber reserves 

The ca.4e for afforestation wa« fttroiig Iwfoie the war, bni actual war eji|H*‘nence 
made it overwhelming. Our import^ of timber, amtniiiiifig to cubic 
feet per head of (Xfpulatiou in 1<>1. had «<teadily increased to 10| cubic 
feet f>er head in 1911, Meanwhile the home auppliea had deteriorated. The 
United Kingdom, caught wiUmnt »ut!i< ient h^me rt^erveit^ had to continue 
importing timber on a large i>^catc at nay ex|>eniie. The coata were enortnoiui. 
iiivolvifig (1) an additional expemc* of nearly 4O,0<J0.00n/. above the pre war 
prices for necessary supplies of tiinWr during #»nly the turr» years of war: 
(2i absorfdiou of tonnage urgently needed for other ptir|>oses ; (3? loss of cargoes 
sank by the enemy ; m depreciated exchange. In onr extravagant reliance 
w imfMtrted timlier we ran rbks. as the recent Ff^restry Jlep>rt reminds us, 
* against which everv other fonsiderable c'oiinlrv has long taktui rare to pro|«*ct 
itsi^lf • 


.V n i I 'll m bt r l>e mand s . 

Up to comfiaratively recent times the natiiinal imfiortance attached to limber 
wa« cvmfined almost to the provision of oak for the Navy and wochI for fuel. 
'Fhese demands have been supplanted bv others, and the problem of cwik for 
the Navy is repiaceri by that of props for the mines ami timber for natiorm) 
industries and uses. finildirig, const met tonal, and transfkort trades demand 
timber in vast r|uantiites. A* a munition — for aeroplanes, army wagons, 
artillery spokes, sleepers, huts, ammunition boxes, shipping, railway and irans^ 
port purposes, trenches, fuel, and in many other directions- -timber has never 
been so indispensable as in this war. For national reconstructioti purposes-- 
tkoi only here, but also with our allies, especially in the devastate areas - 
the demand for timber will be very great. 

The Coast Erosion Commission, in IflOD. recommended afforestation of 
0,0(X),(X)0 acres to make the country independent of foreign supplies. The 
Government reply was the creation of the I>evolofimeni Fund, which we ware 
promised would much for forestry^ but which ms been a severe disappoint* 
ment to all parties. With our 3,OM,ODO acres of woodlands, we are still, 
with the exception of Portugal, the worst afforested nation iit,£urope. 

The need — great in any event— for a comprehensive scheme of real enoourags* 
ment to forestry the war has now shown to have very vital relation to the 
safety of the realm. 
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The Forestry lie port. 

Ill ih«i Final Bapnrt of Um Foroiiry Sob-Committee of the Beconetruction 
Committeo the propoeeli now under Government coneidereitoa are developed. 
Hieae propoonie repreeenl a beeia for State affereetatkm eombiited with 
to pidvite emUnfprm. 

To eeeouni lor ibe poor coodlMM of our woodbij» tlie Foreetiy Bepoii xdMm 
4bo tJio fall in milue of mnatt hardwood timber and oidk bark^ ilb iiHMaaed 
demand lor coniferoua timber^ M and unauitoble metfiodi of managemimt, i^po 
pmervaiiim^ and love of the pietureaque. tn my opinion the most eeriooa 
oaiUMMi have bim omitted^ namely i 

h The agrieultoral depreiuiion of the paat generation, which denuded the 
couniryatde and diilled the spirit of enterprise. 

2. The glutting of the home timber markets vritli the produce of the world's 
virgin foresU at prithee that very often represented little beyond the cost of 
felling* transport', and marketing, in addition to importers’ or agents’ profits. 

3. The unfair handicaps from which forestry suffered, and to which 1 refer 
Ister, and the neglei't of the State, shown by the abs^ce of any endeavour 
to remove thoi^e handirafis. 

4. An absolute iiKlifference to forestry and lack of encouragement of native 
timber by the consumers of timber, by industrial concerns, by the Government 
departments, ami by all setiioiiM of the enmimunity. 

Absence of well-tiianAgeil State or Crown forests in the past is rightly noted 
as a drawback to the private owner, who had nothing to gtitde his efforts at 
timlier production by the system of High Forest, compamtivelv new to this 
country. He hml t<i tuck up kmmiedge as best he could, buy Ills experience 
as to trees to plant ami incur sad losses. 

l*he fjrO|>osalf of the Forestry He^nut include planting 1,770,000 
acies in addition t4> replanting and impr^ning existing moods, with 
the object of making the rnited Kiiigd^im independent of imported 
timWr, in emergency, for three years. This n^Klerate requirement, however, 
is subject emtirely to liatisfaictory anangements being made with Canada, which 
* i'ffiiiatns the only large reservt*» w'ithiii the F.mpive.’ Failing such arrange^ 
meuts, the lie|K»rt admits that a much larger scheme will be necessary for 
the t'iiite^l Kingdom, owing to the precarious nature of foreign supplies," com 
billed with their steady rise in price. 

I would submit that a larger scheme — based on a five years’, in place of 
three years’, emergency reserve of timber is now necessary' for the following 
aimmgst other reasons ': 

1. Tlie Forestry 8nb*Comnuttee was appointed in July, 1916, and since 
ilieir Report was prepared there have been large and unforeseen developments, 
including : 

(ri) Tim ‘hieak-iip* of Russia and the existing nnceriaia position in 
that cfnintry and the Baltic, on which sources we have relied in the 
past for over 70 per cent, of our limber supply, 

{b) Further vast fpianUties of our native timber have been felled, 
ns compared with the quantity mentioned at the date of the Report. 

2. The war gtHMt on indefinitely, with demands accumulating, and if this 
war lasts nearer five voars than three, surely a five years’ reserve for the 
foture should Iw assurecl. 

3. The developments in the air and under the sea even in the near future 
aro impossible to estimate; our reliance on shipping is more fully appreciated 
and iU resources must not be taxed by timber trans|x>rt in an emergency. 

In view of Uie national importance of the creation of reserves of limber to 
meet any futuie emergency, I hope that an extended scheme will be insUiuted. 

The general case tor afforestation in the Report is based on these three 
propositions : 

1, That dependence on imported timber is a grave sotiroe of weakness in 
%var. 
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RfiK>RTS ON THE STATE OR 801BNCK*~I9]8» 


jL Thai mit aapaliaa of timber^ evan ia thcM ajra ftfacariuiis and 

Hi Ido miKih oati^ the Empiii. 

, 2k Thai afforatiatimi would inmaaa tlia pioductiviiiiia aod |K^taiion of 
tavM atwia of Ai Britiah lilit which ava now Ititla hiitor than waata* 

thritiinlnary to afforcataitoo achtiiiii ia Iha OYoation of a Foraai Auiboriijr, 
to whom details as to afforestation must be left for deeisioa 

As to afforeetable land the Forestry R^rt estimates that the United 
Kingdom contains between four and five million acres of rongh and waste 
land from which to select the area required for alI<HrfeUtioi}. 

The association of small holdings with forestry is advocated by the Forestry 
Report because forestry combines so well with agriculture. 

The encouragement suggested for private planters indiulcs a fKWsihle reditc- 
iion of assessments for rates and taxes, am! the abolition of extraordinary 
traffic IS recommended. It is pro|>osed that the Forest Authority should be 
empowereil to confer with the railway companies to obtain a reduction of rail* 
w'ay rates. Suggestions are made for the orgain.*iatioii of tite home timb€«r 
industry and the development of wildland industries. Financial }>rop^>siils 
include nptimuU forms of assistance which might he offere<l to landowners, 
including either : (1) State sharing expeasi^ and prcK'ceds, €>r (2) State making 

grants or conceding loans at low interest, or possibly Landowner to he 
relieved from rates aiui taxes on the afforest**d IaikI f«M- an agreed numU»r 
of years It is suggested tliat an owner who wishetl to regain control of his 
wo<xls miglit do so by repaying the anuHint r*f the State roiitnbution. plus 
pouixl intert^t. 

As to forestry" organisation, references are made to: il) pressing on 
forestry sur%'eys and taking st<>f’k of existing ; (2i provision of seedlings; 

(X) training of forest officers and men; (4) research and expcriimtnt; (fi) advice 
on forest management ; (ti} forest pests. 

The only forest |H'sis refernvl to are the pine wee\il mui pine beetle. The 
Forestry Report suggests that the Forest Authority might • issue and enforce 
orders Vailing on owners of wo^hIUiuIs to take definite ste|w f<ir dealing 
effectively with such |>ests ’ You will note that there no suggestion for 
t*he State to do anything but comf»«d others to incur ext>en.<M* for the benefit of 
the toram unity. 

I would respei'tfiiHy submit that the State arwf others have ohhgatioii«< as 
w'ell os the landowner. It is for the State t«> give a lead in prtwd of a 
sincere desire af to encourage forestry. calling iiinm others t^> ileal 

effectively with insei^t j>e^ts. it Mirely for the State to make profier grants 
for education and research in ihesf* diret lions, and of rtif to f>oint out a 

praettea! and ifconointrol meihml of dealing with such pests 

Constantly we are remindtHl of the obligations and responsibilities the 
landed interests. 


Ha$ the Stale no OhVujnlion to fulfil' 

Has the consumer of timber in any industrial iiiMleriaking no obligation 
or i^sponsibility to encourage ivattve production of the raw matronal ho uses? 

Has the pulp manufacturer and newspaper proprietor no resfKmsibiJity or 
obligation to encourage the demand for and creation of reserves of spruce and 
other pulp-wood in this country ? 

Have the railway authorities no obligattons with reference to reasonable 
rates for the transport of timber, or the highway authorities for proper 
facilities for carting timber over Uieir roads? 

Are the innumerable users or artisans who rely on timber either for their 
trades or their homes under no responsibility or obligation to encourage native 
forestry ? 

Have not the general public, who not only enjoy the woodland scenery of the 
countryside but a1sM> have an interest in timber as an important raw materbi 
for the safety of the realm, an obligation to support and encourage forestry T 

It would have been possible for them to encourage private enterprise without 
making large demands on public funds, but their past indifference has been 
complete. 



COREKSPONDIKU 80CIJSTI y jl 

reiil progmm ia loiwtiy k impossibi# uiilil ih^ bM<Iic»p« removed, 
I imy be Mrdmed for relemng in deteit to them. 

By thirir lemovet reel wUl be given to pilvato entorpriee 

end eetoto toreelry* 

Privete entorpriie efid volnntery effort ere ee Briiteb ee dependence upon the 
Stele ie Qermen. 

Lei u» now coneider for a moment 


The National Importance oj Estate Forestry. 

State o|ierattorif* must lie limited princt|>ally to large areas and to waste 
and hill laml. Better soils and smaller areas must be left to private enterprise. 

Estate ffirestry mijriys the following pntici{*al advantages : 

(1) It can ensuio the necessary reserves of timber at least cost to the 
country. 

(2) It can plant the smaller areas. 

Kt) It can plant tiK* better soils and aresis near urban and industrial centres. 

( I) It ilia gmw ash and iithei valuable haidwtiods on the better soils, vrhei^as 
the waste ureas and hill lands will be limited principally to f-onifers. 

ir,) It ran Munbiiie various Tuanrbes of agrirulture with forestry to great 
adv.iiitage and provulc winter woik for thos<* engaged in agriculture at other 

Hea‘'4*ns. 

{(i) It can gnoi v\iIIowh ainl other trees on short' rotations ainl so encourage 
rural industries. 

In the |wiHt estate forestry has Te<Tived no assistance of any kind from 
the State. ft is due to the palrioti.'jm of private owners — who planted and 
kept up their w<m^s in ^pite of all the diffictihies and handiist^*— that reserves 
of native timlier nave betui available which have been of great value to us in 
this war. 1 trust that this fad will Im* itvogni>'cd to the extent of removing 
th«* folhiwing liandti'aps : 

1. — High and often prolnhitiv<* railway rates are a grievance 

of old htaiuling in British forestry and if not i<wjvcte<l will prejudice the 
whole future of affiO'cstation. In few disirids in (tr«it Britain has the timber 
l>een able to reioh its pmper aiul markets, inving* to the high railway 

rates 

2. ' Kjtiraordtnuf}i * Tragic . — Timber pays towaixls the upkeep of the high- 
ways throughout the period of ita growtli. Yet it is liable to |>ay a further 
large sum when it is felled for damage to the n>ad« incurred in its removal, 

3. U<UfA m\tl 7'fijtt *. — The Agiiiultural Rates Act does not apply to wood- 
larnls. theref<»re when an ow*ner plants agrirultunil land ho is immediately 
fumalised. Death dutii*s have had a detrimental effect, and Ixith rating and 
taxing authorities Irave done much to diArx^imige foiTstry. 

4 .Iforl-r/s. The consumer of timlier <»ffers no enc^iuragement of any sort 

native timber production. On the txmtniry. by a cheapening policy he helps 
to depress it. 

5. Aossrs in phintiiig from frost, ilroughi. insects, fungi, and other causes. 

0. /*/>n/idcfirc.— Ix>w prices and lack of demand have shaken confidence in 
home timber production as an investment. To ensure planting by estates it 
is easenita! that this I'onfidence should be restored. 

'rhero are many other handicaps due to the genend negleit and want of 
inteivst in forestry. 


Orj/awfsu/fan . 

Tn developing or reconstructing an indiiatiy everything is dependent on 
organisation. 

We must have organisation of existing Cimber supplies, and organisation of 
future timber production. We must have also orj^antsaiion of knowledge to 
prevent losses and ensure proper application of Practice with Science. 
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^ IPrMlice with 8d * hiui he«a Uwi^ (he moMo ol the Bogral Agiiculluret 
Soetely* Foreelry ^nehee aciMce el mmy poitile^ eQ4 in the lerge 4evelo|mtite 
of the neer tature eeteiiee muei play a leading paH. I hope It will alwaya 
be the Dcdicy also of the Royal En^iw Arborictiiioral Society. 

In the past a great gulf has eaialed beiween science and practice^ but by 
organisation this giilf should be bridged. 

The scientific man has worked at his problem in bis own world, and his 
researches and experiments were often unknown outside it. The pmcticsl 
msn has gone on groping in the dark, observing things that happen, but 
reasoning badly as to cause and effect. What we wisti to see is the removal 
of barriers ami the ad%'anco of srience and practice hand in band, and ili«^ 
two biunches brought closer together. 

Thf Journal of Forestrtf offers a g*H>«l niediiirn for tlio interchange of 
knowledge and for the co operation of scicntili*^ and pmcltcal men with regani 
to forest r>\ 

Let tis consider the directions in uhich they can work to mutual mU^antage. 
and particularly in solving the urgent problems likely to arise in Uie imme<liate 
future. 

In view of the large arcsis t«» be planted and the great f|imntitics *»f soedlinKf* 
which will he rec|Utr«d, the fir^i im|M»rtant piuhlent in which science can assist 
forestry will relate to tree seeds and the raising and protect imi of the seedlings 

m 

Tree Sce<h. 

The large planting developments |i»endtng will U* carried out m>t only in 
this count ly hut alM> on the Continent to replace forests ami wmtds felled 
or destroyed in the war. In the past we have lelied too much on ContinentAl 
seed. Altliough in tome directions it may be odvantagefms use seed collected 
from the country of origin, we must orpiiiise now a proper collection of native 
seed. The felling of so large a propurtion of seed bearing trees in this country 
makes the matter urgent. 

State grants are re<jiiired to institute ^rul Motions and pri»|M?i 

facilities in other necessary directum^. 

Since the quoitiif of the seed is a piime fa* tor lor successful planting, with 
each variety of tree we must de< ule on the best character, aid silitation 

of the parent-tree from which the seed is <^>flected. (f€M>graphi('al |Hmition 
and altitude are of less imfioriance with native than with ini|K>ried seed. 

Foresteiw differ as to the best uy# of the |>a rent- tree, although the <onipletioii 
of height-growth is assumed generally to be the best age. 

Take Scots Pine as an illustration. 

The late Mr. Grant Thomfieoii, who had a long experience, estimated the 
best age of the jwrent-tree to be sixty to seventy years. Seed from old trees 
is unsatisfactory and the cones aiv then very small. If, however, the six© 
of cotte and vigour of seedlings are the principal guides, (onstderabiy younger 
parent-trees ai^ apparently practicable. Isolated trees growing on commons 
fre<|uently be.ir veiy large cones at fifteen to twenty years of age, and fully 
developed seed which produces vigorous seedlings. One hesitates to suggest 
collecting seed fri>m Hcois Pine trees quite so young, but there is no doubt 
in my mind that the parents had better be too young than too old. 

With f^rch — and in this case we may have to rely more on naitv© seed 
in the future — it is generally considere<l that seeds from the cones of lanh 
of ptiwood size will be unsatisfactory. Vet some practical foresters say they 
have obtained good results frr>m such cones. 

Take also the different of the same forest tree, which in some 

cases, for good or ill, may be transmitted to the offspring. The oak is an 
example in which very careful selection of the seed appeam necessary, and 
we have all noticed the extreme differemces of type in the Corsican Pine, One 
type of Corsican in a parcel will have the characters of the coarser Austrian 
type, whereas another may be ol a hne and erect description. 

In some directions it may be quite sound to select seed from what appear 
at the first glance to be unsatisfactory or coarse trees. Seed from hedgerow 
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MM Ml^ifMtey Umh tint tnm Am toMi fn^Dg 
in liifgjA forett The mhI of Ibe former Iim better MMUte of ripen&g md 
other MtvMtegee, end in (hie ceee the ixmgh tree ie not due to inieetfeleototy 
•eed but to incorrect metbode of ptodttetioti. 3%e iejne eargiimeiit may ^pply 
to Scote Pine groira on open ammom* 

The average yi€td$ of conifer eeed per biiehel of conee ie a point <m which 
little information exiete^ and ieete shonld be made and reanlte compared and 
tabnlated. 

The Mtoring and extraction of the seed and other points which I cannnt 
fitiw touch upon afford alHo matter for diecuaaion. 

Nursery Work. 

.SiicciNMiful ijirmination of the seed after aowing is of the fiiiist importance. 

The mmt tm|K>riani fac tor moisture and, of course, warmth. It is usual 
to soak the seetl to encourage t^rly germination iti the seed-beds. I think 
far greater attention should be given to this point, paiticuiarly with the seed 
of Douglas Fir and others that give uncertain reeitlis. The germination is left 
#»fteii much to chance and to the ri«ks of the weatlier, and 1 am convinced 
that far more even and certain germination can be obtained as a result of 
ex|H*rimeiit and mutual dit«ctission. 

Urtuulnist V, Drill Sov'i>uj, 

lk>th briiad< ast and drill jwiwing have their advm'ate^, and it depends to 
a ctirtaiii extent on the (oiKiitions which should be adopted. 

The advantages of broadcast sowing comprise chiefly ; 

(1) Less land is reciuired for the seed beds. 

(2) !^s hil>our is recpiired for sowing aixi a given quantity of seed 
IS sown more quickly. 

(3) Once a vigorous crop of seedlings Iwis sprung up, the w’eeds ore 
suppressed naturally and in the later stages less attention is required. 

(4) IjOss exfKmse is involved in shading and other operations. 

One of the disadvantages of broadcast sowing in stippnessing the weeds in 
the early stages. 

The advantages claimed for drill sowing are that the seeds can be hoed 
between the linos and that the .seedlings arc properly mulched and less crowded. 

Broadcast sowing is far more general ih>w than drill mjwing, both here and ii» 
Ameri4*a. 

lhick9U\<H of SoiVwg. 

The number <»f square feet covered t>er |>ound of seed is a point to which 
attention should be given. Many ex|>erienced men prescribe eighty to a 
hundred squats feet to the }x)und of iieed for the broadcast sowdng of most 
conifers. All agree, however, that Sitka Spruce requires double or treble the 
area per }K>uml of seed. 

The area should be based, of course, on the number of seeds to tbe pound 
and Iho percentage of germination. There are also special characteristics 
jittoching to each variety of tree, aiul 1 think tliat a revised table on this 
point is required. 

Shading, ^dc. 

Protection from sun and frosts Is an impoi'tant miestion in the early stages 
of seedling production. Various devices are used for protective purposes, 
including wire netting, rods of bamboo, boughs, &c. Birch boughs are an 
inexpensive resource for this purpose, and all agree as to the wisdom of noe 
using the boughs of conifers. 

Stiadiiig the seed-beds with dieese-cloths or ^rse canvae is common in 
America and might be adopted in this country with certain varieties such as 
Sitka Spriiee, 
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The importank pouii U t« prevent ‘dumping off’ or the einaroudunentx <if 
{angi» while allowing proper light and air to get to the aeedling* and prutectiiia 
them in Uteir early etagea from axlromm of teropwature. 

Tha jhtftgi and otktr pe«t* attacking the Mmlinffi, and aUo the treea after 
planlii», and etepa (o coanbat Ukam, also the qoaaiion of awmaree and thair 
ai^aawHi to foMdry <mr^i»ia« afford many pmnta in which wa need and mqta 
Im* tte aasiatanea of amanea. 


Woman Labour. 

Attention might be called to the great poesibilitiea offered to female labour 
in the work of soling prodnction. Women have great aptitude for gardening, 
and there are probably few directions where they can be more usefully employed 
in the near future than in supervising the various operations connected with 
nursery work. I hope that full facilities fur training them will be instituied 
ojid proper opportunities afforded them for extending their usefulness in tlii* 
direction. 

# 

It is seldom appreciated how gravely f*»ivsli*y and planting ba\** l>een 
depressed during the |>Bst generation by ami mi^lutps in establinbuiu' 

the crop 

Great opfx>rt unities fie open to ^ for n«aiisttng forestry to prevent or 

minimise losses fiom frust, divnight. tnm^* ts. lire, gale?*, niid particularly fungi 
1 would remind you that in this » ountry the e.\tensif>n of loresirj' as an 
tiHiu^tiy is in ita* infancy, ami in many directions offern aliiukst » virgin field 
for scientific investigation. The problem is urgent for reptauting the felled 
areas at the earnest miunent, before the vigorous grov»th td grass and under 
gMwth entail far greater exfH^iwe in establishing the crop Stienc^* already 
pointed to a pwible method «>f keeping d4>wn bra< ken by sfiraying with a 
weak solution of sulphuric aciiL 'I he burning over of the areas to prf>ciucf' 
potash for the benefit of the y«iung trees is worthy of extefuled investigation, as 
4'an be judged by observation of results secured where biindng baa be<ui done 
effe< lively. 


Transphinthig. 

When planting out, the prof^ortifui of losiH*^a varie.* greatly with each 
description of tree. Corsican Pine is admittedly one of the most difficult, 
although intenigeiit and careful miisery treatment reduces the )r»iuies materially 
Transplanting every year from the one-year seedling is a gtKNl metiKMl to adoj»t. 
hut usually somewhat ext>ensive. 

A treatment I have found sun'essfiil with Corsiian Pine consists in taking 
the one>year seedlings from the si^ed-beds (but not separating them) late in 
April and iransfdanting them thickly but upright in lines. The following 
season the seedlings can l>e transplanted into lines, say fifteiMi to the 
yard. In addition Uj being transplanted yearly, they should he * slacked ' 
also at least once during the summer. Slacking consists in lifting them with 
a fork, and treading them in again without taking them out of the ground. 
Slacking is important also Uy check the growth of Douglas Fir, but damp weaihet 
should 1^ chosen for the operation. 

I fear practical foresters often confuse cause and effect, and I will give 
an illustration. Yew and holly are probably two of ilie most uncertain trees 
to transplant. The foliage in both cases usually dies bai^k after transplaiiting. 
Many eardeneni and foresters will teU yon as a guUle to results that if ihi* 
leaves fall off the tree will live, but i# the withercxl foliage is retained the 
tree will die. Professor J. B. Fanner, however, informs me that the rotcmtioii 
of the withered or dead leaves is probably the causf of death, and that if these 
are removed few of the trees will die. 

I have always advocated as a result of observation that it is best to cut 
TAuya pticatn down to ground level after transplanting from the seed-bed. 
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I m'Mttiim f»cU aluo t« indicalt* the advisability under certain 

circumaUtnces «it removing tho lower branches of Douglas Fir when planting 
out. From com j taring results 1 am sure this reduces losses, and it also prevents 
the seedlings from being blown over by gales. I would remind you, the 
0oa|^ FUr is the safest of «U trees to prune. 

Time will not allow of detidlod reference to looes fnrni ftost« dtoiti^t^ irs» 
and gales, but I hi^ these mattem will have fidl attention itm scieiitbts 
in the future. 

Beal and effective help may be given to forestry by this means. 

Conch sion. 

Forestry is entitled to every encouragement. Enough hae been said as to 
State encoarsgement, which should be at least threefold : 

1st. The lemoval of handicaps. 

2<k 1. The prevention of losses. 

3rd. The ensuring of a proper return from planting. 

Of equal inqK>rti4ik<‘e iff the eticouragenieiit of forestry by the individiml, 
including the iovtntininii and even the school children of the rising generation. 
There is iJways one effetlive method of encouraging any iiKlustry or pursuit, 
and that is ervating interest and disseminating kiH>wledge. 

A iiat tonal Arlnir Day in suggested^ — a niobemerit veo' popular and effective 
in America. Anything that will encourage forestry should be assisted, but 
hatever are taken sbotihl be on .M>uiKi and properly organised lines. 

It nuHt not lead to haphazaid planting and bad results. The most important 
br»tnrh f)f forestry tti the future iriiist he i*ylviculturr , and this should be borne 
in mind in »*ncouniging Ari>or Dav, or planting of trees in general, Arbori- 
f iiHuro and town filaiiting on garflen <ity Unes^ deserves every encouragement, 
blit this mu‘<t not firejudice proper methods of sylviculture, or the cutting down 
of timber on proper rotation in Stnte forests 

I mention tliis only as a timely warning, hut I hope that an Arbor Day may 
be instituted and even war memorials take the shape of planting trees. 1 
think that I tan \ou<h for the cooperation <»f the Forestry 5SK.ieties in 
estahl iff hi rig Arh<u’ Day and secure the assistance of experienced foresters to 
suj>ervise the actual ]>lanting. 

U'haf is lUMessary tf> put all these fort*stry matters on a proper footing? 
i*T**iHr fd the Forestry Societi€‘S. rra! rncommgf mrnt by the State 

and by those in authority, and rffvrtivr intirmt by iiKlustrial concerns^ urban 
voters, and the Rritish public. 

Mr. J. Hopkinsok | Hertfonishire Natural Ilistoiy Siicietyl reminded the 
(*onference Unit la‘‘t year, after his address President, he suggested that 
an Arbor Day should he institutixi. He considerefi Afforestation to be one 
*»f Uio most imf>ortant (juestions that could be brought before them. We were 
rapidly exhausting our forests ; for sev'eral years we had been cutting down 
our trees at an enormous rate. His object in suggesting that this subject 
should he brought before them again was, that they should pass a resolution 
ill tho ConfertMice fixing a day. and pledging themselves, and the members 
of their sfH'ieties. as far as they possibly could, each to plant at least one 
tifee on that day. He hoped they wouki communicate this to their societies, 
and get Uiem to pass a resolution to the same effect* He suggested tho month 
of October as about the best to plant trees, and we had in Uiat month a ver>" 
memorable day : the 21st of OcU^ber (Trafalgar Day). He was of opinion 
that for the whole of the Uniteci Kingdom, Gtx*at Britain and Ireland, w^e could 
tK>i have a better one. He would go further, and suggest that each of them 
in their respective locality should communicate with their Parliamentary repre- 
sentative, urging not only that the State should accept it, but that it should 
be made a National Holiday. 

He believed it could be done by very strong pressure* Possibly they might 
not keep to October 21 ; but they slmuld keep ns close to it as |K>ssible* He 
w'ould move •That the members* of this Conference pledge themselves to the 
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b«rt of their ability to plant one tree at leant on an esitablinluHl ilay un«l to 
oodeavour to get a*» many other inenibera of their SHKirty a«t they i-an to do 
the tame.* 

Sir OiiARi.ca B.\tuuR 8T (now Lord Bledi«lo«| wan veiy glad to m'ojjihI tho 
rcadiutioQ, whivh he waa aure ought to commend itaelf to eveiy jwti iot who 
realised the position in which we had found ourselves in relation to timber 
during the war, and the extreme diflkult^ of repairing within a reasonable 
time «M wast^e wluch the war baa oceasioned. He ho]^ that the resolution 
would not be taken onW to refer to thoee who had la^ propertiet or who 
mifn utiKfiam on adennfio tgwratimie— be ventared to h^ that it would be 
m a d e to to imxfontt wbo owned htnd of an agcierdtural obaracter 

tbronsbout tite cmmtrjr, ao tiiat this patrioikt obligatka would rest upon and. 
be hoped, alfOet the oonaeienee of, everyone interested in agricnllural land. 
We owed greet tbaoke to Mr. Duchesne for the way in which he had for yean 
pnshM the claims of Foiestiy. The nation was nnder a real debt to 
him for the work which he had ao pstriotically undertakini. All his piofdiecies 
befwe the war — end he (Sir CharlM) had listened to a good many of them~- 
with i>e^ard to the subjectdud been more than fulfilled. But an apathetic public 
disregarded his warning. Ferhaps Mr. Duchesne aitd he had that much in 
common, because be had uttered similar jeremiads t«» deaf ears as to the 
effect on the country of shortsighted neglect in the matter of the lionir 
prodm-tion of essential foods. As far as anyone t'ould at present for««see, after 
the war shipfhing Umiiage viouid be a<'arce fur several vrarH. Ufifortuiiately 
home'grown timber wouM be scAtver thsiii ever, alitough we ahuttid be alt the 
more dejfiendetit u{>oii home-grown nupplteft. The jf^etitiemaii who had jtmt 
spoken had veiy pro^^rly 9aid that we nius^t iiKreaae them. He aakl that 
landowners would not plant No; a certain »f)rt would not, and he 

for his (>arts as one of them, did not blame them. It was very difftvolt to 
induce them to provide any commodities ont of whi»'h there was not ik fair 
chance of makiniiC a reojuiiiable profit. He did not tvgafvi timber aa having 
been in the fKist such a commfMlity. We must alter all that, or the country 
wottkl not get timber any more than it could get foo<l without reasotiable 
encouragement and induremenl. We must look to the tlovernment, not only to 
show us how to do it by < arrvtng on timber prcKliictioii mmmercUilty utt a 
large s^^ale itself, hut also to help those who were prepared to co of>€mte with 
it ill this national task. He lived on the l>order of the Forest of lb«au: 
and tlie past ex/ierieme there of commercial timbio* pr^Kimtioit on the p:irt of 
the f Government was not such as to carry great r'^niviftion U\ the tiidtvidtial 
landowner who was prepanxi to do his fiart in his own ^eriemtioti. In the 
further course of his rismarks, Sir 1 hartes said tliat there was a ^reat scarcity 
of timV>er sec*!, ami asked what was tho flovernment doina to provide this 
timber seed, to enable landowners to carry out the task that they were asked 
by the Clocernraeni to carry out for the next ten or twenty years? They were 
cuUtng down in the summer trees which in the autumn mii;ht yield ihr>me of 
these seeds. Sir Charles con*. hided with the olniervattoit that he always listened 
to Mr. Duchesne with increasiiik< interest and increasing c<uiviciion, and he 
looked forward to tho time when all Undowners, and perhaps the general 
public also, would realise th«^ enormous importance of the gospel which Mr. 
Duchesne so effectively preached. 

Mr. A. W. Okc (Brighton ami Hove Natural History* and Philosophical 
Society) suggested that the names of .lohn Evelyn and William Cobbett snould 
be associate with the suhjei*t, and after remarking that everything was going 
to be done after the war, asked whai was going to happen in the case of 
the insect ^lesis, with the fungi and the other things that were spoiling the trees 
as they existed now. He did hope that something would be done at once. 

Mr, WnxtAM Dalx (Hampshire Field Club and Archieological Society) asked 
Mr. Duchesne why he had got his knife into the bracken. It made an excellent 
and exceedingly warm litter; he had also heard that the tops made excellent 
food ; but he had not had the courage to try them. 

The Prxsiockt remarked that lie had* They were not nice, but they were 
good. 
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Mn. \VniTAKF:R thought it a capital thing that they should have heard an 
expeit on hie < vvn particular aubjeci. For himaelf, he waa met with ceitaiii 
dtmcultiea. It isocrmod to him thxii aomo folk wanted to make our country a 
purely agricultural one. They must allow ua other indontnea. We had ^ot 
tf) recollect oiif thing. England i« a very small land aiKl it became a queetion 
whether such an insignificant bit could supply all its ovfa needs. If timber 
is wanted— and it is now — he very much doubted whether we could produce 
all we wanted. We ought to inc rea s e our products ; but in iEe case of some 
of our limber supnlles we cannot, because tiiey do not g:row in this coontry^ 
Re agreed with llie speeker heartily that care dmnld w taken to treat oar 
treee pronerl^. With refereHoe to an Arbor Day, if he had to plant a tree H 
must be lO bis gerden. He did not want a tree in hii faedeo; he idmnld cot 
one down if it wefe there, unless it were an apfde-trse or something of that 
sort. He thought we should increase our supply of fruit in this eous^. This 
Arbor Dey seemed to him a little tat of a festival as much as anything else, and 
he did not see why we should have any more Bank Holidays. Undoubtedly 
Government should in many instances give a lead, but that C^vemment should 
take over everything, or heavily subsidise everythmg, seemed a mistake. He 
hoped people would be a little more careful abom how they called upon us 
to take up one porticuUr thing and about calling in the Government to help. 

The President sympathised with Mr. WhitakeFs remarks very strongly. 
Had planting a tree anything to do with the good of the country except 
i^eriUmentally ? The difficulty really came in our suburbs and towns. We had 
got a large population in our suburbs. Where were we to plant? That was 
the big difficulty he had been trying to solve for a long time. What we wanted 
to do was far more to bring pressure to bear upon people to do something 
practical in the way of High Foiest cultivation. .rVlluding to the devastation 
of which Mr. Hopkinson had snokeit, and to there V>etng no provision as far as 
he could see. for leplatiting, the President said that, if there was not good 
reason for it in such erases as this, they might bring sucli influence as their 
.Societies had to bear, they could get all their members to write to their members 
of Parliament and make themselves generally unpleasant on the matter. He 
took it that in Mr. Duchesne’s opinion the preservation and collection of seeds 
was a task on which they might be engaged. If he could give them some 
practical instructions or suggestions that they might bring before the members 
of their societies, ho would lie glad. Insect |>ests and fungi had been mentioned. 
Perhaps if some of ihoir members turned more detailed attention to those 
practical [Kiints, they would be doing a service. 

Mr. Bevan observed that Arbor Day was a practical thing in the United 
States, and pointed out that it enablca teachers to get the children to help 
ill it and to be receiving instruction by means of it. He thougfit Mr. Duchesne 
wouM have added to the value of hta paper if be had included the subject 
of wood-pulp. As to Government assistance, one should differentiate. He 
thought this pfirticular matter was a subject on which the Government must 
come in. If one did not get a reasonable return for forty or fifty years, it 
was absolutely necessaiy. Inhere could be no reasonable objection to the 
Government making a reasonable bargain by lending a certain amount of money 
on reasonable interest. On the subject of wood-pulp he said that Canada not 
only exports to the Mother Country a considerable amount of Umber and wood- 
pulp, but to the United States. He was told that the timber from one acre 
of ground every day wras made into wood-pulp for the use of one of the New 
York pa|)em. There was no question about it that this was one of the most 
important subjects, and that the Government had been criminally negligent up 
to the present time. 

The SEcaxTAAT (the Selbome Society) supported Mr. Hopkinson. Because 
there were one or two difficulties mentioned by Mr. Whitaker, he did not see 
that that was any reason why we should not have an Arbor Day in this country* 
It would be a very complimentary thiim to the United States on Independence 
Day to do their b^t to start an Arbor Day. It would give them an op^riunity 
also to send a message of a pracUcal character. If Mr. Whitaker wanted an 
apple-tree, let him plant an apple-tree on Arbor Day. The resolutKm only 
pledged them to the best of their ability. Peiiiaps the best thing would be to 
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do it coUtHtively. ;uul a iaiaio\\iu*r ii* tho iu»igldK>ui tu plaiil an arrr* 
That would bo nuroa'^iti^ 6\lvuMiUuro. and it woubl hr a 8*nt ol i«l\ oi tisoiii^^nt 
of Hi^h Foroijtiy . Ilf* ?*lu»nlil likr t'O Iho inoti<»it t it wtnt’* t*> 

bo mudiruHi in the ear lying out. 

The rKKsii>i:M\ beft>iv >!r I harles Hathuist loll, e\|Oi“*^od li • tluiiik*' <»f 
the (*onfeieiue to Imn ft>r ItMviiig his ‘ lisMvt ’ dntie.*i in oidn t give them 
an addroas. 

Sir ClUltl^E?* »aid that it was a real iiliMHiite !»► hun *nd a leal 

rocroaiioii from his * sweetmeaU/ 

Mr, Mabk Sykes (Manchester Microaoojiiial Society)* s|>eaking on Arb<»r 
said he did not think it was praciicol as proposed. Where weto they 
going to get the landp and from whom were they going to get the permission 
to plant a tree! He did not see bow that Conference could pledge iU societiea 
or the societies their membere. What was wanted was, that the subject should 
be taken up by the landowners and by the Govenimetii; by alt the people 
who had Iat*ge tracts of land. There should be a systematic laying out of large 
plots, and a proper system of planting trees suitable to the ground in which 
they were planted ; trees both of commercial and food value. This should be 
done chiefly by the landed proprietors. They came into properties; it 
nothing to plant tr«e>i; the seed»v were there in thousands and mitUons. Land 
which has Mrne a forest is land best suited to bear another. There was nothing 
better than leaves from the trees for the grotiiul ; and the ground was already 
ptvpared for a future forest. 

Mr. Hopkissox thought one objection was already met by his reservation 
'to the best of their ability,' 

.Mr. DrciiE::^xr* who felt very fnmh flatler«*«l by the length iukI interest of 
the discussion, could is>t agree with Mr. Syke?* that there v%as no cr^t in planting 
trees; they fouisi it veiy mostly. From his exjjerieine of the fortwls of Canada, 
also, he cv>uld assure them that it wa^v not correct that new forests sprang up 
from the old forests He had been all over the (*ontinent. and in every r«>iintry 
their first aim was to 4et natural piiKitntioii from the s*'ed?«. Cnforlunately 
grass ami weeds ^rew up so fa.^t lliat they snwvthered the seedling#*. Ther*dt»r*» 
they had to raise treen in the nur<*ery and plant them oirl. 

He %as fMiftietihirly intere^te^l in w»mmI pulp, hut there werv so manv 
to deal with, and he had dealt w'ith w«yM|.piilp in a pa(H»r read in the early 
part of the year. Spruce 'white diul) rf>nld he gn>w*n for woorl pulp. 

Hcplyun, to Mr. Whitaker* who Imd pfivlenterl Iw*ing urged to do '*ne 

thing frmn one qujirter and Another from ais#ther, and as if earh thing sliMuld 
be oor srde htisiness in life, Mr Inirhesne said that their suggestions nt* !<* 
afforesialton dwl not lonflirt with any *>f those for ftK>d prodtielioii. whether 
it were cereaN or fruit What they suggested was not tint tire whole <»f our 
supply shoukt be grown : it was fpiite imjwk.^^ihle. Oh\ious]y. we tould iu*t 
grow mahogany, though there is no other c^mntry in the w^jrld that can prr»duee 
90 many varieties stircessftiUy. But we must < reate reserves, so that in an 
emergency we could draw on them as an insiiraine. The Prime Minister had 
spoken of the immeiu^e rpianttiy of tonnage taken up in the transport of tiniher 
to this country. 

Aa to ArWr Day, he was in favour c»f anything that wvmid encourage 
iniereet and educate the people in the c^^mntiy - the children particularly. lie 
supported Arbor Day Iiecatise he thought it w'ould do a great deal to encourage 
fori^iy. 

His great wish was that ihrise men sent from the tuml>er ramps in Canada 
to fell trie timber in this country and France, should go back to their own 
country and take an interest in forestry as well as in lumber. 

As to agneultnre, he had been cotuieciecl with it all his life, and was as 
keen as anyone on it, and he quite agreiNtl with Mr. Whitaker as to the 
extension of fruit industries in this country, patltcularly in the growing of 
apples and such fruit with discretion. 

One specter had referred to John Evelyn am] William Cobbett. He ha<l 
for a text in his last paper an extract from John Evelyn’s Imok, which was 
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♦ (OuiM^ It (111 wi( (>l Lit4*raturi* - ;in 4iixtjaf‘t fforu Kvelyirs * Sylva/ 

vMitim in 

‘ It will ajifM.ir dial u<‘ hail lM*tt**r bo withntil than without timWr/ 

ll^* wuiitiHl hrackfii fh*^troy«xJ on tlu^ uremia to he. planted » becauiie it came 
thickly tiiat it MipprchStxI their little tree* after they had planted them 
lar» !i tiecM, f.ij* instant e. 

Mr. DiuheMie dwelt upon the urj^ent irn(>ortan<'e of the collection of Aeeds. 
fie hoped in the coming; tieaaon to make a larger appeal for the collection of 
tree seeds, and he would communicMte with Mr. Webb and the President, 
and if the s^wLieties in eveiy direcison would help them in collecting, full 
insttticiions and every assistance would be given in that coUectiom 

The PftK.siDENT said, if they could have a supply of the instructions sent, 
thw would be delighted to 9end them to their scK^ieties. 

The following rwdution was now carried nem. ean^ 

*Thai the Delegates present at this Conference pledge Uiemselves 
to the best of tii^r ability to plant a tree on Arbor Day and to 
induce all the members of their societies to do the same; and that 
the suggested day be October 21/ 

The SccarrsRY then lead a note on an eatfiibii of a Typomap made by 
Mr. B. B. WiMKlward, F.G.S. 

I’he accom|>«inyiiig Typomap was prepared in connection with the Committee 
of the British Association apfminted * to formulate a dehnite system on which 
collectors should record their captures.’ This committee appeals to have lapsed 
witlunit r'omplt^ting its mission. 

'rin^ object of the* map is U\ enable observoiw to record occurrences w’ith 
suffii ient appioxirnate g<Higra|diu al acciinoy without incurring the expense 

• *f speeiaily engrttV4xl ma)>s. 

When working* out the distribution of a given species the observer can 
take one oi th€‘j*e tnapj» ami mark tlnise areas in whuh it occurs in any way 
that may be>t suit biiii. [f used in illustrating a pimted paper, occurreiK'e^ 
can Ih- sJiovvii by using heavier tyf>e. or printing the* area in question in red 
a» dime in the ‘ Catalogue of the British Spec'ies <d Pif‘%d^um,^ published by 
the of the Britn*»h Museum. 

It may be of interest to point out that the first typomap designed was 
that for Fiulaml utili.He^l in the ’ Herbarium Musei Feiinn i . . . editio secunda. 
1. IMauUe Vaw'ulares.’ hv«» , Helsingfors, 1889. published by the * Societas pro 
Fauna et Flora Feiini«'a/ 

lUung the first i»f its kind it seems of siiffieient iiiteiest to be reproduced 
here. 
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The principle appears to have been next applied by R. Lloyd Praeger to the 
rase of Ireland (Iri^h Xaturaiht, xv. 1906, pp. 88-fH) with great success. His 
further attempt in the same article to extend the treatment to the 
whole of the British Islands was, liowever, not quite so successful, and 
the present vcision was undertaken by mvself with the view of obtaining a 
better total result, the arr«ingement for Ireland being left undisturbed. 

aa 
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TYPOMAP OP THE BRITISH ISLES. 
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KEY TO THE SYMBOLS FORMING THE MAP. 


A 3 Attfletej. 

AM « AnryU, Main. 

AN <Hcoi.) m Aberdaeii. Kortli. 
AN drew) srAotrlni. 

All » AniM«r^* 

AS » Aberdten, South. 

AY m Ayr. 

B Bute, Artan and Cly<le 

U 

80 m Bcwla. 
er « Banff. 

8K ^iBcrln. 

BR - Brecon. 

8W » Berwick. 

8X Buck*. 

CA ^CkUthneM. 

06 (%mbrkUca 
CO ^ Cardiirati. 

CH Ohomhirf. 

Cl ta Cbaafi«l U. 

CL = Cnare. 

CM m Camartlicn. 

CR <a CarnarToti. 

CT » Canlire. • 

CU Ciimbfrlami. 

CV xn (^vaii. 

CW «3 f'arlow. 

06 ^ Denbigh. 

Of » Dnmfriet. 

OM 31 Durham. 

ON - Dumbarton 
DO » Down. 

OT s Donwt. 

DU » Duhtio. 

OY - I><rrby. 

EC (Eiif.) » Eaiit (V>rna,ki:. 
EC(Ir«.) 3iKii»tCV«rk, 

ED (Scot.) - Kdinburch. 

ED (Im.) m Ka»t Donegal. 

El Ra«i liirrmr««. 

EL a Elgin. 

EK East Kent. 

EM ^ East Mayo. 

EN Ea«t Norfolk. 

eS »£«st Suffolk. 

EX «• East 

EY a# North*caat Yotk-^. 

f E ak Fermanagh, 
ff » Forfar. 

FT « flint. 

OE at Olottccatar^ tSast. 

QM » Ctlamorgan. 

OW w oioucMtaMYiHt. 

H6 ta flabrldaa 


HD » Uaddington. 

Hf w Hereford. 

MT w IferiA 
HU s Hunts. 

i sc Islay, etc. (Etmdee S.). 

IM wLofMan. 
tW ssl. of Wight. 

K6 sc Kirkcudbright. 

KC = King's County. 

KD » Kildare. 

Kf > Kliirosa^Fifc 
Kt Kincardine. 

KK 3.KUkenoy. 

% ^ Ixmdoti (Foetal Die- 

trtet ). 

L s Lnndy I. 

LA latna^. 

LO Lotulonderry. 

LE 3. Leitrim. 

Uf a Longford. 

LH s Lontb. 

LK atUmerlrk. 

LL 3rLinUUi|mw. 

LN n lincolu. Nortlu 
LR «• LHoeater^f Rntlaud. 

LS ss Lincoln, South. 

M a* Mnl), etc, (Fbude*. 

Mkl.). 

MC «• Mid Cork. 

ME » Meath. 

MQ n Montgomexy'. 

ML «■ Mkt (or W«^t) I.an«’«. 
MM *» Monmouth. 

MN an Merioneih. 

MO Monaghan. 

MX Mhidiesex. 

MY •» Mid. West Yark% 

NO North Devon. 

NE North Ei^scx. 

NO •« North Galway. 

NH -• North Hants. 

NX North Kerry. 

NM » Notts. 

NN «» North Northumberland. 
NO «> NortliaiiU. 

NS (Eng.) w North Somerset. 
NS (8 ool)«* Norili (or East) 
Sutherlaod. 

NT *• North Tipperary. 

NW North Wilts. 

NY • North*wtst York#. 

Of M Orkneys 
OX « Oxford. 

F 6 wFembridte. 


PC -■ Perth, South (or Wcet) 
•F(7laekinannan. 

PE -Peeblea. 

PM »> Pertb^Mid. 

PH — H North (or Bast). 

QC Queen’s County. 

RA « Radnor. 

RE «> RoeR, East. 

RF tm Benfrew. 

RO «« Bosoomtnon. 

RW » Botw, West. 

RX tar Roxbnrgb. 

8 L of Skye, etc. (Kbude-s 
North). 

SC «ScillyIa 
80 aa> South Deron. 

6E n South Bsaez. 

SO (SeoL) » Stirling. 

50 (Ire*) «B South Galway. 

SH ■» South I{ai)t«. 

51 » Shctlands. 

SK(Scot.) » Selkirk. 

SKfIre.) » South Kerry. 

SL (Eng.) «=» South Lancs. 
SLdre.) «« Sligo. 

SN ex .South NorthnznlicrUo*!. 
SP « Salop. 

SR «» .Surrey. 

SS <Kog.) «a» South Soxnerset. 

SS (Scot > -* South (or Went > 
Sutherland. 

ST (Ktig.) •> Stafford. 

ST (Ire.) wtM Sooth Tippermrv. 
SW « South Wilt?. 

SY » South-eaat York?. 

TY *• Tyrone, 

WA « WaterfonL 
WC (£tig.>» West Cornwall. 
WC(Ire.> » West Cork. 

WO » Wert Donegal. 

WO «• WertGalwgy. 

WH Wefftmeath. 

Wl (Soot.) «• West tneemeas. 
WKire.) -aWicklmv. 

WK «> Went KenL 
WL ■» Wefdmoifand. 

WM a.a West Mayo. 

WN « Wert Norfbik. 

WO «« Woroerter. 

WS - West Snflblk. 

WT - WIgton, 

WW Warwick. 

WX (Bng.) aai West Swaet. 
WXdto.) - Wexford. 

WY - South west Yorke. 
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LIST OF COUNTIES, WITH THEIR SYMBOLS. 


•MOkANO. 


ik‘*N 

BO 

IVrW. 

BK 

U.wkv 

BX 


CB 

rh»xiurw 

CH 

OniviAll, 

EC 

„ Wejst .* 

wc 

t'utttlnerlaiid 

cu 

Uerl>>* 

OY 

Heron, Konh 

MO 

Sotttli 

SO 

Honet 

OT 

DarlMm 

OfS 


ME 

» Sooth 

SC 

UIoiiee«t«x, KoAt . , 

OC 

* Wm . . 

OW 

HftitU, Xorth 

NN 

Sooth 

SH 

. . 

HF 

Hert^ 

MT 

Ifiiau 

HU 

KeoL Ko.’Mt . . 

EK 

,, VVX4t 

WK 

U\iK4iihire^ MUl. (or W. k . 

ML 

„ ik>atb 

SL 

wtth HirtUo*!. 

LB 

N*c*rth .. 

LN 

,, SociU* 

LS 

fPcMlAl ; 

% 

Wi'Mh'O^i . . 

MX 

3fr>oai 

MM 

N<>rfolk. Wet*' 

WN 


EM 

yoftb.4i3t* 

MO 

N*/f thorn* jet Isuvi, North . 

NM 

„ S*juth . . 

SM 

Kottifiii(t(Oiu •« 

MM 

Orfor»i 

R ttt toft f!. Leic*^ t *>r . 

OX 

Solon 

SP 

Sptut rMet^ North - . 

NS 

„ S^mth . . 

ss 

SUffcml 

ST 

Soffolh, W««t 

WS 

^ Ea^i 

ES 

Sorrey 

SB 

Kmi 

EX 

^ We^t . . 

WX 

Warwick 

WW 

We«ifi60rhu)«l f Iaocx., N. 

WL 

WIU«, Noirth 

NW 

^ Hofith 

8W 

Worcfotcr 

WO 

YorkJL Xonh-wcHt 

NY 

„ Mi4'Wei«i , . 

MY 

North-can 

EY 


„ .. SY 


< 'h.lkltU 1 1;^. 

Cl 

1. .»f Man 

(M 

l.ofWirfUt 

IW 

I 

L 

WAUIS. 

Aoi^U^cy 

A 

Breoati 

m 

C)w4ifaii 

CO 

Cuwariben 

CM 

ChmarroB 

CB 

Owihifh 

DS 

Hint 

FT 


CM 

McHoftfth 

MM 

M«ifttMron;cry 

MG 

IVmhmkr* . 

PB 

iU4nor .. ,, 

BA 

SOOTUUiOt 

V u r . . 

AM 

soffjth . 

AS 

Vr^nl4\ ilum 

AM 

\ K 

AY 

1' ilrft 

Bf 

Uer-^i'k ,, 

BW 

*'fc*thr>rs* ,, 

CA 


CT 

f’U4’t:TO4iin.'V‘i. ><»«• r*Tth, 

>o :t.h. 

tf 

ON 

If imtrU** . 

OF 

L4iulH:r«fc'h 

CO 

> U-n 

EL 

Fife. f*ce Ktatr>a». 

Korfmr 

FF 


mO 

Fijtvrrrtt'tzA, p. 

Cl 

w 

Wl 

K^acarU»c 

Kl 

Kirinv*«4' Fif#* 

KF 

Kirc»tfihriKht 

KB 

Lanark 

LA 

LinlfthsroA 

LL 

Naim. Ran InvfT- 

ocie. 

* /rkney'* 

Ol 

Pccblf-a 

PE 

Perth, N%)Tth (or fUi*t) . . 

PM 

„ MM 

PM 

„ S'^^mth (or WcAf), 

*4Hh ciackiOHu* 

nan 

PC 

Uewinew 

BF 


K»'s-« A jth { : iVMi ^ '. 

L»*l 

BE 

>1 II 

U . *t 

RW 

lioi\iK<r.K*h . 


RX 

-.Ik'.rk .. 


S< 

>h4*tian«U .. 


SI 

NfSritjii* 

, » 

SC 

Nor t' < 

f j:.> 

MS 

»« South (i>f \V. ) 

SS 

WM-ii ,. 


WT 

KeiirMeik , , 


HB 

^kJra, Sc, (KtKhkw, N.> , . 

S 

.Mall, Sc. (Hhote, MkL) 

M 

ittoy.Ac.CKbttilM.rt.) .. 

J 

Ihitc aitKl criyde J*, 


B 

imifcAMO. 


Aiittim 


AM 

A rtiiAgh . . 

, , 

AB 

1 uriow 

, . 

CW 

♦ j^raii 

, , 

cv 

t Lurv- 


CL 



EC 

MuJ. 

, , 

MC 

.. Wr,t 


WC 

D' .p if tt, 

, 

CD 

„ * .1 . , 


WO 

1 * o 


DO 




DU 



FE 

< * *i A * , Vt 


WO 

N«»rth .. 

. , 

MO 

, ♦^»ath .. 


SO 

Iv4 rrjr. North 


MK 


, , 

SK 

K»''Urr 


KO 

Kr’kenrj/ 

, , 

KK 

KInsf* » rt 


xc 



LC 

Li rum* k 


LK 

I>jUfh*i*'kTrv 

. , 

LO 

l>^nirh>rU 

, , 

LF 

fiOuth ., 


LH 

M vyo, F':»n 


CM 

\yt^t 

. . 

WM 

Mmlh .. 

. , 

ME 

MouatfliAii., 

« • 

MO 

Co. 

, , 

ac 

IhkA^'Otiitaon 

, . 

BO 

Hliiro ,, 


SL 

TIpfTTarjr, North 

, , 

NT 

H Boijth 

, . 

ST 

Tyrone 

, . 

TY 

Waterforri . . 

, . 

WA 

tVotUscalh 

, , 

WH 

WexIonI . . 

* * 

WX 

Wicklow . . 

, 4 

Wl 
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SUBDIVISIONS OF COUNTIES. 


ENGLAND, 

COBNWALL, I '.it n # st • iifi* 

l»y lh*‘ Inj^h ft- (i from Triir«», 
si ('nltintli Ui exiri^n*i!y 

BEVOK, Aoi //* . Sn ttlU ari* t]ivi<lr<! by 
.» liu*' at the Tatiiur^ dboul 

iiiiilwctv h«'tv\<«»i 'ruvinUKk an<i Launci’S' 
pHhHiMK o\er the <»f I>artin<M>r, 

aiul jouiiii^i the Wf*Ht4rn canal at TivcrUm. 

XdSSX, Snrtfi uriil Sntitft: aro divkled by 
ili9 hijjli-ruiul fram WftlUiAin aitd piping 
to Chalmaford, imd ihenoa by iha HtvitrK 
Chelmar and Blaeldvaier io the coaat. 

eLOVOBSTBE, J^ast and We»t: ar« nepa* 
raifd by tha Thamat and Bararn Canal 
and the Rtvar Sevarn to Teakad>ury. 

BAVTi, Sorth am! 8(H4th: are acparaietl by 
the high-road# from WincheaWr weatward 
to Bt^kbridga, aaalward to Peierthald, 
and thence to tha lK)rdoi‘g of 

Wilta and 

KIHT, Eant and UV^rf ; are hoparated by 
the Hiver Mc*dway nearly up to Staple- 
hiirHt, and thence by the high-road through 
Craiibrtioke to the Itorder of Humicv. 

LAHCASBISE, Mnl. i W est of Watifon < aad 
Sot4(h : are divided hy the Hirer Rihbje. 
]/{UicaMhire to tha north- went of More- 
< atnbi' Ha> ih united aith WcHiniorlund 

UKCOLir, \ ;i (h (ntd Suuth : are Kvjiaratcil 
hv the Hiver Witham from ItcHton to 
111 luoln, thenoe by tin* Kokh Dyke l-» the 
l»ordar of NotiinghaiiiKhire. 

HORFOLE, JufSt aud nv,5/ , are divided by 
the line 1 V'.. leiif;. 

NOETHUXBERLAND, Xo f/t oud Suuth 

are divided by the Hnerl'*H|iiet and aline 
from the Linn Uiidge to f'arter Kalb 

MXEE8ET, Snrih and South : are sepa- 
rated by the Uiver Pa » ret, from Brnlge- 
\vat4»r ii> Ilchenter, and thence round to 
the northern exti*cnuly of Dorset. 

SEFFOLE, En^t and llVaf are diwded by 
the line 1 ' K. long. 

SUSSEX, EaM and West : aiv divided by 
a line along the high rotul fiMin Brighton 
to CiickheTd, thencf* by (’raw ley to the 
border# of Surrey. 

WILTS, North and South - are div idl'd by 
the Rennet and Avon t’anab 

YORE, Sr«t dividiMl into Ka«t and West 
Humber, by the HiverH Humber, Ouae, 
Sfrale, and Wi#ke, 

S E* and N /*«. Varks are then aeparaled 
hy the Eait Hiding boundary. 


.SMK. ti/td Mid.-W. Ytnhn by the \au‘*\h 
and Liverj^xd (.'anal, and tlic* Hiver Aire 
Ixdow l.fst-as ; and 

44nd AMK. Yorks by the }>ouii- 
dary betwct-ri the .V. and W. Kidisigf, 

SCOTLAND. 

ABERDEEN, North anil South ; are nepa- 
raU‘il by the walerahed# eastwaid and 
weilward of Inverury. 

AROYLE, Main, and Cantire: are divided 
by the Crinau CanaL 

mVBMraSi, Hast and We»t: are aepatafted 
by the watmrahed belweeil eeel mod west 
Bcoileiid, coniintied tiong L. Bmebi to 
the border# of Peribehire. Natin i# in- 
cluded in B. Inveme##. 

PERTH, North {East of Wataon) ami Mid.: 
are divided by the Btrers Garry and Tay. 

Mid. and South {West of Waleon).* by 
the waierahed betwwn the Rivern Tay 
and Forth. 

ROSS, KaAt and HV*/ : are divided hy the 
watershed helween the east and west 
roantH. 

SUTHERLAND, North (East of Watnon) 
and South iiVrsf of Watson); aie si'pa- 
raUnl by the waU'rt-hed. 

IRELAND, 

CORK, Eo»r and Mid.: are divided by the 
railway hne from Kharleville to Cork, and 
weKt shore of Cork llarlxnir. 

\ftd. and IIVa/,‘ by the Ki Harney Railway 
from (he Kerry bonier MilUtreeL 
thence in straight lines to Macroom and 
Bandoii and the Baiidoii Hiver. 

DONEGAL, East amf HVAf : are divided 
by a Imc sejuirating the baronies of 
Hannagh, Uovlagli, and Kiimacreunaii 
from those of Tirhugh, Raphop, and 
lnniHhovv**n. 

OALWAY, North and West: are divided by 
L. Corrib. 

North and South ; by the railway from 
Oraninore to Balltnaaloc. 

KERRY, North and S 4 futh : are divided 
by the line scp#raiing the haroiiies of 
^iagunihy and Triighauacmy from those 
of GlanarougbL Dunkerron, Iveragh, and 
Corkaguiny. 

XATO, East and lYrsf : are divided by 
the railway from Ballina to the head of 
L. Mask. 

TIPPERARY, Aor//t South: are 

divided hy the line of tlie waierahed. 
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The SKiRmnY uoxt gaw u humnwry in tho antlioi’s .iliM-mp f u paper 
by Mr. IVrcival Wealvll on ‘OranU to Ucj^ional Mtieeutna.' 

Thi' pRr.'<n>KNr iU»l not think they rould do more than t*x|nt '> tncir ihankb 
for the paper, and to any that they did not aiH* their way I** >1 1 anythin;; 
fniiher in the matter. If anyone ahonid take up the cake it .-h iihl be the 
.Muaeum^ Ajt.<i«H'iatton. 

It was agreed to .•<end a cvpy of the Aihor l>a\ resolutiou. mu etl hv the 
Pre.4ident and Sevretaiy, to the rnitwl States Minister of A',Tivnlt ne 

In conclusion the Conierence exprtvnHd its thunk.a to its I'lvsid. nt, ami to 
t.ie ticidugicat StH'iety for it-, kitijness in lending the meeting toom 



TrR COBRISPORDlirO SoCItTlKS OF THB BfilTtSH >H FOB 1918-1919 

A^ia^ SoeidiM, 


-«<mKRSI’ONI»INCl .SOClRTIKf! 
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UKlt>RTS OX THK STATK OK MMKNOK. -1 91 X. 


Catalogue of the more important Pai>ers, es^cially thone to 

Local Seientific Investigations, publisfted by the Corresponding 
Soeietm during the year ending May 81, 191H. 

*«* This Cktoiogae contains onljr the titles of t)a|jera pabliahed in the volumes or 
parts of the publications of the ConespomltnK SooiiRiM sent to the Secretarjr of 
the Oonnitlee in acoordanoe with Rule t. 


* Section i.— M atbbmatioal akd pBYUcAt. SotsefCB. 

Aneov, C. O. The Sun and the Weather. * Joum. Koval Astr. Hue. Canada,* xi. 
40S-416. 1917. 

Aiasus, MAVEit’K A. The Measurement of Magnifying Power. A Note on Mr. 
« Bale's paper. ‘Joum. Qu**hett Mie- ('inb,* xin. 3IS-320. 1917. 

Alsop, J. C. Summaiy of Meteomhigkal Observations and Meteorologkai Tabl«->. 

1917. * Report Marib. Col. N. H. Jhs-.* N*., ttO, 1918. 

B.tut, W. M. Note on the Measurement of Msgnitving IVwets, *,loum. Qtiekdi 
Mic. Club.* xm. »)7-31-t. 1917. 

B-vusett, Rev. H. H. Tlijcrv. Retonw of Rttinfall in Ib^rtet in 19l«. ‘ Pne. llorvi t 

N. H. A. F. C.’ xxxviii. 8I-9C 1918. 

Blakx, F. L., and W. E. W. .1 v kso\. A New Fonn of Citsk Synehr«>ni*er * .louni 
Royal Astr. Ho<\ Canada,* , VI. l7o. 177. 1917. 

Boulk, H. The Theory of Autoniatio ftegiilationx. ’ Trail'. Rov'sl Hw . N.nlh 
.Afriea/ vi. 271 287. ' 1917 

Baioirrox \>-d Hovk NwravnUi'ToRv i*iinx>HorHi< vi.Si»<urrv. MeieoroloRv 
of Brighton. * Report Brighton and Hove Nat. Hist Phil. Sne.* 1918 17, 3.'> .’tl'i. 
1917. 

BaoTHeaTox, B. British Rainfall, with Sptx-ial Itefernn* to Won esicrnhiro ‘Tran* 
Worrestershire Nat. f1ut>.' vi. 202 221, 1917 

C,UCPaKU., J. \V. The ftetenninaiion o( lh»* Date of Fa.'ter. * .loiirn. Itov'al Astr 
Hoe. Canada.* xi. 3«7 37 .V 1917. 

C.VMPaEi.r., W. \V. Two I*roblein,H of the CniveiMe. ‘ .lotim Roval A'tr. 

Hoe. Canada,* \i. 281 291. 1917. 

C^vnrBELL-BAvaaD, Faxv< is. Ue|>**rt of the M< teorf>iogi< al Coniniittee. 19Hi 
'Trans. Croydon N. H. •‘hi H«h' ' viii 137- 146. and Appendiees. 82 pp. 1917. 
Caxxox, .f. B. The Drblt of the HpectrrwM opk Binary Boss, .11,38 * .foiim Rox^al 

Astr. Hoc. Canada.* xtt. 92 94 1918. 

A Note on the Speetrum of laghtning. * .loom. Roval A«tr .‘h c. (‘anada,* xii. 9i> 

97. 1918, 

Casadoc axd HayEax Vaixev FieI-O Ct.ra. Meteoro|r«kal Notes. ‘ Record of 
Bare Faets,* No. 26. 24-41 . 1917. 

ClIAJfT, C. A. The Variable Star IK Virginia * .Toum. R<*yal Astr. Hoe. Canada.' 
xn. 47-56. 1918. 

CtniamniB, HoUai.'E F. The Honnd of the t inns. ' Hastings and East Huiwex Natural- 
iat.* n. 229-230. 1917. 

CiWiSTT, XnxsB. The Hid-EMex Wind>rush and Whirlwind of 27th Oetoher. 1916. 

* Easex NaturaUst.' xmt. 133-145. 1917. 

CoATiii, Hkxkt. Abstract of Meteorologkal Ohiteryations, Perth, 1916. ‘ Proe. 

Perthahire 8oc. Nat. Hei.' vi. (’t.xxxvn.-ci.xr. 1917. 

Meteorological ObservatioiM, Perth, 1916. ‘ 1*100. Perthshire H<s‘. Nat. Hei. 

VI. cixxxvm.-cxci. 1917. 

Cbaw, Jamm Hew at. Acrottnt of Rainfall in Bcrwiekshire during 1917. * Hktoiy 
Berwkksbiie Nat. Club,' xxilt. 412, 1918. 
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Family Bistoninie. ‘The Natuialwt' for 1917, 232 2M, 393'396, 312-329; 
for 1918. 68-72, l.w-137. 

H.irvby. WilUjUI. IMiimatcIla Repen-s. Store of a Statoblast and what In'canic 
of it. ‘Trans. Manchester Mic. Soi-.' 1910, 87 91. 1918. 

H.^tinqs, S 0 MERVILX.E, and J. t’. Mottr.vm. Olwi-rvations upon the Kdibilitv <>f 
Fungi lor Rodents. ‘ Trans. British Mvcological St>c.’ v. 3it4 378. 1917. 

I1E4TU, Auce. Bugula (the Bird’s Head kooj>hvte), * .loum. Torquav N. H ’ 
u. 227-229. 1918. 

Hewitt, tJoHX. A Survey of the S<'i>rpion Fauna of South Africa, ‘Trans. Rovnl 
Soc. South Africa,’ vi. 89-192. 1918. 

Hopkixsijv, Johv. Rotifers living iii Rhizoiuxln’ Ti'st;.. ‘ Trails. Herts. N. H. 
S. F. C.' XVI. 269-272. 1917. 

.I.1CK.SON', J. Wilfrid. Lhniuea ghiljrn in Ireland? With N'ote by It. A. Fmi.i.ti’s 
‘ Irish Xaturalist.' xxvii. 77 ^9. 1918. 

.loiix. Dr. A. H. -Microscopical Report. Trans. X. .Staffs. F C. t.t. 11.7 117. 1917 

J<>H>-.sox. Lieut. Gilbert. Xature Xotes from France. •'Trans ('araden- and 
.Severn Valley Field Club.' vi. 177-181. 1917. 

•loiix-sox, Rev. W. F. A< ule.vte Hynienoptera from the f...info>. of Armagh and 
D.mt'gal. ‘Irish X'aturafisf/ 2 .3. I91H. 

Jul-RDVIX. Frvxcis C. It Omithologiial Report. I9I.'> 17 ‘Report Ashmol.-an 
Xat. Hist. Srw.' 1917. 13 l.'». 1918. 

Kirkf.xtru k, T. W. He|M>rt of tin- Diptera Sis ti.m. RciM.i t .\tarlb. Coll. X 11 
Soc.' Xo. <91, 37 39. 1918. 

L.ixoii.vM, Sir (^H.vRi.EH. Enlomol.>sical Xotes, ‘ Irish Xatumlist,' \xvi. 114 117. 

1917. 

Loxf-s, Dr. T. E. Rotifers of the Countix’ of the Chess and tbule. Part ii. ‘Trans. 

Herts. X. H. S. P. xvi. 221-236. 'l917. 

MA.SEFIELD, J. R. B. Zoological Report. ‘Trans, X. Staffs. F I'.' i.i. 99 10.>. 1917, 

Maxwell, Sir Herbert. Animal Intelligence. ‘Trans. Dumfriesshin- and tlallotrnv 
X. H. A. SiX'.’ V. (Third Scri<*s), 10-33. 1918. 

Mofp\t, ('. B. An Exterminating Winter; its Effects on Bir.l-Hfe in Co. Wexford. 

‘ Irish Xaturalist,' .xxvi. 89-98. 1917. 

Some Migrant Xotes. ‘ Irish Xaturalist,’ xxvi. 131 I.'W. 1917. 

Morley, B. Yorkshire Entomology in 1917. ‘The Xaturalist' for 1918, 97-98. 
MtniBAY, .J\.s. Hemiptera Heteroptera of West ('nmlx-riand. * The Naturalist ' for 

1918, 27-28. 

Newjixx, L. W. Xotes on Rearing Mncrulfn/lncin \fintnhtfjr) rnhi. ‘ Proe. South 

London Ent. X. H. , Soc.' 1917- 18, 6 -7. 1918. 

Oldham, Ciiarle.s. Pinidium pnrvulum in Hertford-shire. ‘ 'Trans. Herts. X. H. 
S. P. C.' xvn. 33-34. 1918. 

Opesshaw, A. E. Xotes on the Reproduction of Hvdra. * Trans. Manchester Mie 
Soc.' 1916, 46-49. 1918. 

Payxtbb, Hexry a. Wild Birds of Hulne or Alnwick Park. ‘ History Berwickshire 
Nat. Llub,* xxni. 409-410. 1918. 

Pebkixs, Dr. R. C. D. Notes on C'allim/>r///m domtatda and I’rsno nus/rinfro. ‘.lourn. 
Torquay N. H. Hoc.’ ii. 142-145. 1918. 

On Parasitio (or Cuckoo) Bees and Wasps, ‘.foum. Torquay N. H. .Soe.' 

n. 214-220. 1918. 

PhUxipr, R. a., and A. W. Stblfox. Recent Extensions of the Range of Pinidium 
_ hiherHiruM. ‘ Irish Naturalist,' xxvn. SS-W. - 1918. 

Peltseat. ‘Trans, (‘aradoc and Severn Valley Field Club,’ vi. 
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pR v,£niiR, It. Lho'i i>. Imh FojtHil Molluhlw. ' Jrwh Xaturaikt,' xxvir. e!»-74. 1918, 

PuouRB, T. W., and JL>. B. Patebsok. Ornithological NoU-a for 1916. ‘Trana. 
(Jardifl Nat. xlix. 67-69. 1917. 

Prout, L, Some Pointa of Intercat In the C>comotrid«. ‘ Trans. London N. H. 
Soo.' 1014. 41-48. 1917. 

Rkio, R. C., and Ifra. G. W. SHOtusv. Two Ornithological Notes ; PkOgeemut 
Emimu* : Terdus Mmda. ' Trans. Dumfriesshire and OsBoway K. H. A. we.' v. 
(Third Berios), ^-S31. 1018. 

Richabdson, Neirox M. Annivemary Address. *Proc. Dorset N. H. A. 7. C.' 
xxxvm. 1-22. 1918. 

Rocsreuct, C. F. Some Further Notes on Collecting and hfounting Rotifers . 

‘ Joum. Quckett Mie. Club,* xiu. 321-328. 1917. 

Rt’TTi.Ei>uE, Robert F. Ornithological Notes from South Mayo. * Irish Naturalist,' 
XXVI. 148-161. 1917. 

ScHAREF, R. F. Ad%’anccs in Irish ilarinc 2Ioology. Fourth Report. ‘ Irish 
Naturalist,’ xxvi. 10.6-11.3. 1917. 

On the Irish Pig. ‘ Irish Naturalist,’ xxvi. 173-18.6. 1917. 

S(-iii.Esi-ii, Hass. Notes on Planorbis and Margaritana in Iceland. ‘ The Naturalist ' 
for 1917, 201. 

lhn*ntMna fuAftmot phn, Pallas. ‘ The Naturalist ' for 1917, 234. 

— The I<‘clan<li<- hSiniis of Limncen. ‘ The Naturalist ’ for 1917, 257-259. 

Notes on the .slugs and Land Shells of Iceland.’ ‘ The Naturalist ' for 1917, 

297-300, 3;»0 ,3.32. 

— - Notes on Manjurilam uiargarHiftra (Linnc). ‘The Naturalist' for 1917, 332- 

**•3 I 

SfvKor.s, KriMi'MK Ornithological ( >hKorvations and Kcflcction^ in Shetland. ‘The 
Xaturaliat ’ for 11U7, 2iMy 2m ; 1918, 1:11-135. 158-169. 

SiMK<, J. A. Aspci'ts of Hirddife in Europe. ‘Trans. London N. H. Soc/ 1916, 
77 89. 1917. , 

Si»%R. f’lMHi.Ks I). The Water Miten { fiydracarina ) of Epping Forest. * Essex 
Xaturalist/ win. 96- 105. J9I7. 

St.^inkorth, T. Tlie Woodlico of the Hull District. ‘The Naturalist' for 1918. 
151-154. 

Stowkix, K. a, (\ Report of the Entomological Section. ‘Report Marlb. (’oil. 
X. H. Soc.‘ Xo. m. :WU36. 1918. 

STri»B.s Frki>k. 5. On a Blue Egg of the Lapsing. ‘Essex Naturalist,' xviii. 
105 106. 1917. 

XotcH on tM'rtain Bree<linc Hahita of the Snipe. ‘ Essex Naturalist,* xviii. 

109-110. 1917. 

- The Corncrake in Essex. * Essex Naturalist,’ xviir. 189-192. 1918. 

- The T^mdon Oulls. ‘ Trans. London N. H. Soc 1916, 37-41. 1917. 

'Faluot. OKorKRKY. Rathogciiio Protozoa. ‘Trans. Manchester Mie. 8oc.' 1916, 

66 86. 1918. 

'Fvylor, J. W. //#=/»> cartu/^wna and fhhr s^riaca : their Relationship and its 
Probable Signifh'ance. ‘ The Naturalist ' for 1918, 25- 26. 

— Remarks upcui ‘ The Post .Pliocene Non -Marine Mollusca of Ireland.' The 
Naturalist ' for 1918. 161-165. 

Upton, Chari.ks. Ailditioiial Notes on the Land and Freshwater Mollusca of 
doucestershire. ‘ Proc. (‘otteswold N. F. C.' xix. 220-232. 1918. 

VT ATKIN, Hroif R. Whv the Nightingale l*i seldom heard in Devon. ‘Journ. 
Torquay N. H. Soe.' n. 236-237. 1918. 

WiLUAMSON. W., and Charles D. Soar. lAbertia sefvci Walter. ‘ Joum. Quekett 
Mic. Huh.' XIII. 375-378. 1918. 

Wo<»i>ri7FFk-Pk ACOCK, Rcv. E. Adrian, and Thomas Warner WooDRirFFE-PKAcocK. 
Thrush Stone Studies. ‘Trans. Lincolnshire Nat. Union, 1916,' 54-59. 1917. 

Section E* — Geoobapht. 

Campbell, John. Three Da\'H in Snowdonia. ‘Trans. Worcestershire Nat. Club/ 
VI. 222-231. 1917. 

Cass, John B. Orceeo and some of the Islands in the JBgean Sea. ‘Joum* 
^binohoster Ceog. Soe,' xxxitt. 31-38. 1918. 
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Huktbach^ a. The Course of the River Sow. * Trans. N. Staffn. F. C U. 

1017. 

Smttm, Prof. it. Ki^iot. Ancient Mariners. ‘ Pn>e, Relfuat N. H.Phil. Soc.* lOHJ 

1917, 44-72. 1018. * %lourn, Manehiviter Geog. Sot*, xx.xiii. 1 22. 1018. 

Soitth.Eastbrx Usiok of Sc ikn-tifio Sm'iBTiE8. Report of the Regional Survey 

Committee^ 191ti-7. * South*Kaatem Naturalist ' for 1917, xxxiii.-xxwii. 1917, 
Thompson, Bsbby. The River System of Northamptonshire. ‘ .loiirn, .Vorthants 
N. H. Soc.' XIX. 30-48, 55-70, 83-93. 1917. 

W.UXACR, Robert, The I^owor Nith in its relation to Flooding and Navigation. 
•Trans, Dumfriesshire and Gallowav N. H. A. Soc.* v. (Third Series), 128- 130. 

1918, 

WooMOUSB, J. Carbon from the Geographical Standpoint. ‘ Proc, Boumemmith 
Nat. Sci. See.' vin. 101-108. 1917. 


Section JP«-^£ooHoiiic Soibnce and Statistics* 

Battit, Bobrbt B. State Parchase of the liquor Trade. * Trana. Manchester Slat. 
Soc,* 1916-17, 35-66. 1917. 

Braduy, EnwARn J. The Severn : as it was, as it is, and as it should be. * Trans. 

Woroesterahire Nat. Club/ vi. 237-245. 1917. 

Casxxy, W. H. (Manchester Geol. Min. Soo.) Coal Eeoiioin 3 " from a National 
Standpoint. ‘Trans. Inst. ilia. Eng.' lv. 30-42. 1918. 

Ellixobr, Barnard. The Case for a (tuild of Shippers, with HomeSuggestions. ‘ Trans. 

Manchester Stat. Soc.' 1916-17, 80-96. 1917. 

Goulty, Howard. The Quantity Theor 3 % with some reference to Bank Rc^serven. 

‘Trans. )!anchester Stat. 8oc/ 1916-17, 17-33. 1917. 

Kirkajldv, Prof. A. W. Economics after the War. ‘Trans. Manchc*ster Stat. ^x* 
1916-17, 1-15. 1917. 

McClelland, l^f. J. A. Scientihe and Industrial Reseanh. ‘ 1^\ Belfast N. 
H, PhU, Soc/ 1916-1917, 31-43. 1918. 

McDix, E- R. History of Earlv l*rmting in Indand. * Prwr. Jh lfaht N. H. Phil. Soev' 
1916-1917, 5-29. 1918. 

Mow.\t, D. M. (Mining Inst. S^ ot.) Capital Charges considered along with Current 
* Trmn». Jm^t. Min, Knfg.’ Lfv, 3J 7-320. 1918. 

TRvmM\>\ A. E. The Lias Bru^kvarch* of South-West Lincolnshire. ‘ Trans, lineoln- 
shire Nat. Union/ 1916, 48-53. 1917. 


Section G. — Engineerino* 

Booth, Fred. L. (N. England last. Kng.) The Strength of Pit pro|ie. ‘Trans, 
last. Min. Eng.' tv. 87-91. 1918. 

CR.%SKSifAW, Hugh M. (Manchester Geo). Min. Soe.) Methods of Mining in the 
Pennsylvania Anthracite Field. ‘Trans. Imt. Min. Eng.' Liv. 113-133. 1917. 

Dixon, H. O. (Manchester Gcol. Min. Soc.) The Thin Mine Problem. ‘ Trans. 
Inst* Min. Eng.' liv. 135-138. 1917. 

Gibb, George. (Min. Inst. 8<*otland.) A Fresh Aspect of Intensive Mining, Thin 
Seams. ‘Trans. Inst. Min. Eng.' lit. 28*32. 1917. 

Jenktn.s, Harold C. (Midland Inst. Eng.) Underground Conveyers. ‘Trans. 
Inst. Min, Eng.' lv. 2-19. 1918. 

Marriott, W. (Midland Counties Inst. Eng.) A New Bystem of Reinforcement 
and some Uses of Concrete and Cement in Bfining. ‘ Trans. Inst. Min. Eng.* 
liv. 263-268. 1918. 

Maoricr, Wiluam. Acetylene Mine Lamps. ‘ Trans. Inst. Min. Eng.' im. 227- 
252. 1917. 

Morison, John. (N. England Inst. Eng.) *A Sjptem of Storing and Filling Small 
Coal, with Remarks npon the Prevention of spontaneous Heating in Coal-heaps. 
‘ Trans. Inst. Min. Eng.' lv. 76-79. 1918. 

Poole, G. G. T. (N. England Inst. Eng.) Notes on the Uniflow Steam Engine. 

‘ Trans. Inst. Min. Eng.* uv. 339-355. 1918. 

Ravehshaw, H. W. (Midland Inst. Eng.) Some Useful Instruments for Colliery 
Power Plants. ‘ Trans. Inst. JMin. Eng.' lv, 99-109. 1918, 
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JilPPKR, Dr William. (MMIantl InHt. Kn^;.) Uiiivonsity Education in relation 
to Mining Engineering. ‘ TraiiK. InHt. Min. Eng.' Liv. 287-291. 1918. 

Kowak, Hknrv. (Min. IiihI, Scotland.) Stripping and Re lining a Shaft at Cowden- 
beath, Fife. * 'J rann, Jiiht. Min. Eng.' i.v. 58-60. 1918. 

Thompson, J. (J. i ManchcHter (icol. Min. In^t.) The ‘ Bold ' Tiniber tram. ‘ Trans. 
Inht. Min. Kng.’ j.v. 158 -157. 1918. 

Section 11 . — Anthi{0poi.ooy. 

Ai.siii% J. (•. Ant Itroponirtrical Report. ‘Report ilarib. CoU. N. H. Boc-.’ No. 66, 
66.84. 1618. 

Jli'BV, JlK.vBY. Some ‘ Flat-fac-cd ’ PBla>olU}i» from Famliam. ‘ Proc. Prehistoric 
Boc. Kant Anglia,' ii. 365-374. 1017. 

Ciiasoi:.XB. H. R. Some auppoacd Gun Flint Sites. ‘ Proo. Prebistorio Soc. East 
Anglia/ n. 360-365. 1917. 

Clabk^ W. O. Are Grime's Geaves Neolithic T ‘ ^wc. Prehistork Soc. East Anglk,' 
n. 330^^. 1917. 

— — and H. H. HaU3. A ' Cissbaiy Type ’ Station at Great IfeHon. ‘ Proc. Pre. 

historie Soc. East Ai^Iia.' n. 374-390. 1917. 

Coates, Hbjiey. Note on Stone Cists fonnd at nawcra% and Bomfoot. 'Trans. 

Perthshire Nat. Scl.' vr. 149-150. 1917. 

Okobob, T. G.' Early Man in Northamptonshire, with particular reference to the late 
Celtic Period as illustrated by Hunabuiy Camp. ' Joum. Northants N. H. Soc.' 
SIX. 29-39. 1917. 

Kckdali., Rev. 11. G.O. Chipped Flints from below the Boulder Clay at Hertford. 

‘ Proc. IVehistoric Hoc. East Anglia,' n. 352-359. 1917. 

Lau'Lob, H. C. Prehistoric DwelUng-plaeca. (Second Paper.) ‘ Proc. Belfast N. 
H. Phil. Soc.' 1916-1917, 77-103. 1918. 

I.,«WK, Habtobd j. The Dartmoor Antiquities and their Builders. ‘ .Toum. Torquay 
N. H. Soc ' 11 . 131 141. 1618. 

Maktin, Edwabo a. BkulLs and Jaws of Ancient Man, and his Impiemcnts. ‘ South* 
Eastern Naturalist ' for 1917, 23-37. 1917. 

MotB, J. Rrid. The Position of Ihvhistoric Re-Acarch in England. * Proc. Prehistoric 
Hoc. East Anglia,’ ii. .381-391. 1917. 

Prake. Dr. A. E. Presidential Address. Further Exoa rations at Grime's Graves. 

* Proe. Prehi'ftoric Soc. East Anglia,' rr. 409-436. 1917. 

A Prehistoric Site at lumble, S. Bucks. ‘ Proc. Prehistoric Soc. East Anglia,' 

n. 437-458. 1918. 

Bheitabd, T. a Rare Type of Bronze.Age Weapon from Lincolnshire. ‘The 
Naturalist' for 1917, 281. 1917. 

More Bronze-Age Relics from Scarborough. ‘ The Naturalist ’ for 1917, 281-284. 

Implements of the Bronze Age in the Whitby Museum. ‘ The Naturalist' for 

1918. 59-61. 

Tt'BMEB, Hy. j. Annual Address : Some possible Steps in the Eyolution of Man. 
‘Proc. South London Ent. N. H. Soc.' 1917-18, 13-21. 1918. 

Section J . — PhysioiiOOY. 

Haldane, Dr. J. S. Abnormal Atmospheres and the Means of Defence against them. 

‘ South-Eastern Naturalist ‘ for 1917, 70-85. 1917. 

Jolly, W. A. The Eloctro-niotirc Changes accompanying Activity in the Mammalian 
Ureter. ‘ Trans. Royal Soc. South Africa,' vi. 227-230. 1917. 

MAcBuroB, Prof. B. W. Arc Acqtiircd Characters inherited ? * South-Eastern 
Naturalist' for 1917, 38-52. 1917. 

Talbot, Gboffbky. Pathogenic I^rotozoa. Trans. Manchester Mio. Soc.' 1916, 
66-86. 1918. 

Wallis, Edstacb F. Mosquitos and Malaria. ‘ Jouni. Northants N. H. Soc.' xix. 
71-73. 1917. 

Section K. — Botany. 

Abbott, Provost 8. Characteristics of Alpine Plants. ‘Trans. Dumfriesshire 
and Galloway N. H. A. Soc.' v. (Third Series), 110-114. 1918. 

Bayeobo, B. O. (Annotated by F. A. Lbbs.) A noral Film of 1831. ‘ The Natundist ' 
for 1918, 89-92. 
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Boulqeh, (t. S. TUo Aswoi’intiuu of tlu' i'hcUea Thymic <ianU*n wuli tlio llUlmy of 
Botany. * South- Kivstom XatiinilUi ' for 1917, hVi fhi. 1917. 

Bfti£Rl.KY, C. H. Plant Hail'S. * Jourii. Mam hvstor Mir. Sor/ 1919, ,V» 91. 1918 

Bcller, Prof. A. H. Keoinild. Somo (’ritiral Krinarks on Um' lirnrn Piw^ition> 
of Piidthifra urticataJn Jk'rk. et Bnuuiio. ('o/ttfntts jtltotttlit Pi , am! 
dU$€»nin(Ua IVrs. * Trans. Britlsli Myrolo^iral Si>r.' v. 48:! 489. 1917. 

BnTKRFiKLD, E. P. lloinanrt* of the i^urkoo. 'The XatumIUi ' foi I9IH, 93 99, 
127-130. 

C.iR.%iM>o AND Severn Valley Field (’li b. Hotanieal Xotes. ' Heeoni of Itare 
Fact^j ' No. 20, 5-12, 1017. 

Chabwick, J. a. Report of the BoUuucaI Section. ‘ Report Marik, (.'oil. N. 11. 
8oc,* No, 66, 21-29. 1918. 

CKiROiiANy W. N. Eeonomto Mycology : The Beneficial and Iniuriotin InflueiiccH 
of Fungi. (Presidential AddiW to the Yorkahire Naturaliatii' Union.) ^Tlie 
Natuiamt ' for 1917, 185-200. 

Coloan, Nathaniel. Notes on Apparent ilncmic Action in VhhriL perfidiaiu, 

^ Irish Naturalist,* xxvl 189-193. 1917. 

Lusitania and Kenv : A Botanical i*arallel. ‘ Irish Naturalist,* xxvii. 20-29 . 

1918. 

Ci-BTis, W. Parkinson* Phonological Report on First Appc^aranci^ of Birds, 
Insects, Ac., and Fuat Flowering of Plants in Dorset for 1919, • Prtn*. J>f>rH4»t 

N. H. A, F. V: xxxviu, 133 232. 1918* 

Druck, G. Cr.AJin>OK. Ewelme Plants, recorded from 1709 to I7!19 l>y .John Randolph, 
Bishop of Oxford. * Rc|>ort Ashmolcan Xat. Hist. Soe/ 1917, 2!M2. 1918. 

Dcthie, A. V. On Hybrid Forms in the (ienu^ Satyniin. with Dcscription.M of Twer 
New Ponns, * Tnin-s. Royal .Sm*. South xVfrica/ vi. 289 -294. 1917. 

African Myxoinyeetes, ‘Trans. Rt>yal Soc. South Africa.* vi. 297 310 1917. 

Elliott, D r. Jems ikS. B,\vxiiW. Studies in I>iHeotnvectC'*. I. ‘Trans. British Mveo- 
logical Soc*,' V. 417 -421. 1917. ^ ^ 

Elliott, Dr. W* T. Some Observations upon the AH^iinilation of Fungi by Hfidhimm 
Hirir^nriM Berk. ‘ Trans. British Afycologii-al Soe/ v. 110 413. 1917. 

FiiA<i\£R, IpJf. Phnt Irails of the Hu»lilersht4d Distriet. ‘ The XatimvVnt ' for 
1918, lOtt 108. 

(fOoDE, ti. H. Additional List of Plants to those mi p. 231, vo| win., Ihseiuln r 
1916. * .Journ. Xorthants X, H. Soe/ xix. 59. 1917. 

GRt»VEs, J., and Panon <J. R. UrLUaK \Vkb.stkr. Ttdyf>tlia nolifira, l^‘tuih 
‘Irish Xaturalist,* xxvi. 134-135. 1917. 

Hvooart, D. a. BoUinieal and other Xotes. * Trans. Perthshin* Soe. Xat, So/ 
VI. l(HJ-182. 1917. 

H.yrrls. G. T. On Srki^to^hffft o^^mnudnnn Mfdir ‘ Joiirti. Queketf Mie. Pluh, 
xril. 361-374. 1918. 

Harrison, P. W.vlton. Sensitive Plants. ‘ Sidhome Mag.' xxviir. 130 131. IfMT. 

Hetnio, R. L. Root SiiekcrH of the Ganges Delta. * Joum. Torquay X. H. Soc.’ 
11. 1.58-162. 1918. 

The Melocanna Bamboo. ‘Joum. Torquay X. If. Soe.’ n. 221-225. 1918 

Hen^low, Rev. Prrd. <J. The Uses of CarJion in Plants. ‘ Proe, Bourne mouth Xat 
Sci. Soc.' vm. 95-^101. 4917. 

Hopkinson, John* Report <m the Phonological Observations in Hciifordshirc 
for the year 1916. ‘ Trans. Herts X. H. S. F. U.* .xvii. 47-52. 1918. 

Inoham, Wm. Sphagna. ‘ The Xaturatist ' for 1917, 349 -352, 392-397. 

Jac'ICSon, Dr. B. Daydon. Notable Trees and Old (tardens of London. ‘South- 
Eaatem Naturalist ' for 1917, 58-69. 1917. 

Jeffery, F. Ronald. The VVyre Forest Sorb Tree (Pi/rws domj/tMira). ‘Trans. 
Woreeatemhire Xat. Club,' vl 25t)-257. 1917. 

Johnson, Marie E. M. A Note on Two interesting Fungi : /Jo/rf/fiw pyramidnli^ 
Sacc. and Sphofronmtna eorntdum Pc, ‘Trans. British Mycological Hoe.' v. 
414-416. 1917* 

JoHNaoN, Rev* W. An Adrlition to the British Uehen Flora. ‘ The Xatiirallst ' for 
1918, 103. 

Jones, D, A. The Mosses and Hepatics of Denbigh*shire. * The Naturalist ' for 19 J 7,' 
285-292, 321-327. 
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Lkks V\ Aknoi.o. Hril^r ji<‘a<Klra\v ainonj/ Slonr Walln. ‘The Katuralirtt* for 

- - ‘riirColoiiHt Ahrn Hi ion-Hills of Yorkshire. * The Xatumlihi ' for 1917, 370-- 

Ljstkh, Mi>s < Jumi. » m V. A Short llinlorv of the Sfu^ly of Myeetozoa in Britain, 
witJi a Liftt of Sj>i*<*iew rerunioil from K^m*x. IVehidentiul AchlrcKH. * K.h8C*x 
XatuiiiliMt/ Will. i!07 . 1918. 

Mvin, llron. Knfomophthora Aw* ttra/ta : An American Fungun new to Europe. 

* Knaox XaturaliKt/ will. 107' 198. 1917. 

M.w kikiji, a. 'I'ho LieheiiH of a HouhlerC'lav Area. * Joum. Imwich F, C.' v. 

34-^40. 1917. " 

Mokfat. (‘. B. Lofwen to a I^oeal Flora. ‘ Iriah Nalumliat/ xxvi. 167-160. 1917- 
MoHiint, Sir Danisl. Freaidential Adtireaa : Hardy Britiah Treea. ‘ Proc. Bonnie* 
mouth Nat. 8ci. Hoc/ vm. 33-68. 1917. 

PAVUiox* Kobuht. The Varenne Collection of Lichena : A Report on ita pregent 
condition. [1915.] * EiiMicx XaturalLst/ xvm. 133-134. 1917. 

PBAc m'K, H. (». Fungi, lichena, and Myeetozoa. ' Jouni. Torquay N. H. 8oc.' n. 

140- 152. 1918, 

Fkarsox, Dr. H. H. W., ami Mvkv H. H. Thomson. On aome Stages in the Life 
fliKtory of (Jnetum. ‘ Trans. Royal Soe. South Africa/ vi. 231-209. 1917. 
PEAftSf>N, Wm. Hy. Hepatics of Denbighshire. * The Naturalist ’ for 1918,66-67. 
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Colloid Chnnistry and its General and Industrial Apjdications . — 
Second Report of the Committee^ consisting of Professor F. G. 
Donnan {Chairman)^ Professor W. C. McC. Lewis (^Secretary), 
Dr. E. F. Aumstuono, Professor Adrian J. Brown, Dr. C. 
H. D Kscii, Mr. E. IIatschek, Professors H. H. Procter 
and W. Hvmsdkn, Mr. A. S. Shorter, Dr. 11. P. Stevens, 
and .Mr. II. B. Stoc ks. 

Introduction. 

The plan alrea<ly adopted <*f arranfcing the suhject-rastter under 
two hemis, vi/,. (1), elassification aecording to scientific subject, and 
(2), clasnitieation according to industrial process and general applica- 
tion of <'olloi<l chemistry to other sciences, has been employed in the 
preparation <»f the Second Hej»oiT. 

The stibjeets dealt with under the first head in the accompanying 
Keport are : — 

1. PeptisJition and Precipitation. 

2. Kmtilsions. 

3. The Liem^ng l^henonienon. 

* I. Electrical Kndoamoae, Part 1. 

The aabjeota dealt with ttiider the teeQiid head t'-‘ 

1. Electrical BndoamoiM, Part II. 

2. OoUoid Ohentiatry In the fiMtHle htAmMm. 

3. Colloida in Agrietitlare. 

4. Sewage Purification. 

5. Dairy Chemietry. 

fi. Colloid Chetniatry In Phyaioio^. 

7. Administration ef Colloida in Dhwaae. 

The Committee has again to expreas its deep eeneeof nbl^atioii to 
the gentlemen who under aomewbat difficnlt drcnmetimcee haws 
compiled the varione secHona which make op the preetmt EefNMhL 
It is hofied that the very valnabie. material which hae now been 
collected in the Fiiat and Second Reports will aerve the pnrpoee of 
emphasising the fundamental imjiortsjioe of colloid chemistry tor 
operations and processes which, at first sight, appear to be wholly 
distinct, and at the same time will serve to co-ordinate auch intorma- 
tion and to render it available for the benefit of all who are engaged 
in operations in which colloid chemistry plays a part. 

A number of subjects have not as yet been considered. It is 
hoped that these will be discussed in the Third Report. In this 
connection the Secretary (Muspratt Laboratory^ Univertity^ 
Liverpool) would be glad of snggeetiona from those engaged in 
chemical industry ragging subjects or problems met with in 
technical work which could be considered as coming within the 
scope of the Committee’s activities. It is felt that such co-operation, 
which at the present time wonld be particnlarly valuable, is not 
iinpoasible. ■ 
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REPORT 0\ PEPTISATIOX ANI> PREClPITA'nON. 
% Pn>fes8or WiLOKU I>. HAN*i’fO)FT. f'ornrll I 'm'rfj 


Sulliciently small partich'S will lit* kupt in suspension ui a litpiiil 
by the Hrownian movements. .\ny luetlnul which will f>>rm sm.ill 
particles and will keep them fr<»m co.ileseim,' will yive nse t<> col- 
loidal solutions. 'IVntative theories of peptisatioii have Im-ou tlis- 
enssed by Lotternioser,' .lordis,-’ Mt'cklenhur^/* and \ ou W eiiuarnA 
If we adopt Freundlieh’s view’ that adsorption alwats lowers the 
surface tension, a theory of p*‘pti.sation follows at once,' because an 
adsorlH'd film with a low surfaci* tension on the solvent siile and a 
high one on the other side will tend to disintegrate or pepiise the 
other substance us internal phase. 

When a liquid is adsorbed by a solid, it will ternl to peptise it 
and in some cases will do so. Water jieptises tannin rea<lily ami 
amyl acetate peptises pyro.xylin. At higher temperatures the pej»- 
tising action increases, (rciatine is j^ieptised by warm and not by 
cold water. Glass is pepiised by hot water* and vulcanised rubber 
by various heated oi^nic liquids,** while fnsed baths peptise metals.* 
There are a number of cases where mixed solvents will peptise 
a solid much better than either one alone — cellnloid nitrate in ether 
and alcohol, caseine in pyridine and water,‘*'and pro'bably cinchonine 
in chloroform and alcohol,^* as well as phloretine in etl^er and water.'* 
The theory of this has not been worked out. Cellulose nitrate swells 
in alcohol and not in ether but it is not known whether this is 
universal or whether alcohol peptises cellulose nitrate at higher 
temperatures. Zein is also peptised in mixetl solvents.'* 

Relatively little work has been done on direct peptisation by 
means of a dissolved non-electrolyte, but a goo*! deal of stress has 
been laid on the cases where a non -electrolyte prevents the formation 
of a visible precipitate. .V concentrated solution of sugar in water 
will prevent the precipitation of calcium silicate,'** silver chromate, 
and silver chloride also of lime and of the hydrous oxides of 
copper,'^ uranium, and iron.'** Invert sugar is aixurt seven times 
as effective as cane sugar in holding up hydrous ferric oxide. 

‘ Ix)tt«riii08«r, Jour, pntkt. f (2) 68. : 72, »» (ISXn*.); 73 . 374 

(19^)6); ZeU.phyK. ( h m. 62. ^71 

^ Jordis, Van Urmmehn Grdrnhfntek, 21.7. 

Ze'U. anorg. Chetn. 74. 260 (11M2). 

J^hre ran den ZuMandrn drr Materia, J, 60 f 1914). 

KapiUarchfiynie, 52. t"'4 (1909); Putrick, Zett. phg*. Chrm. 86. (11M4V 

Bancroft, Jtmr, phy*, ('hew. 70. (liHG), 

Baras, Am. Sri, (H) 41, IIO ); (4) 6 , '-^70 (WJH) , 7 , ] ClHUO) ; Phif 

Mag. (5) 47 , 104, 461 (LVj 9 ), 

* Baras, Am, Jtmr, Sri. (3) 42» (1691), 

* Lorenz, Van Jiemmelen (iedenkbtwk, 395 
Levites, ZeU, JKollmdchemie^ g, 4 (19J 1). 

** Oodemanns, Jimr, (kern. Sue. 26* (J673). 

** Sohiff, Zeit. phy§. Cherai. 28. 

Private Conanmnicatiom from Professor Chamot. 

Galeottoand Oiampalmo, Zeit. KMaidehemte, 3t (1906)* 

** Weisberg, J(uU. Soe. Paris (3), 16, Um (1896). 

«• Lobry de Brayn, Ker. deuteeh. Chrm. Gee. 86, 3079 (1909), 

Graham, Jour. Chem. Hoe. 16^ (1662). 

•• CmMmtitiM -TdtmjdmM H 1 /TTI 
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(Jrimaijx'* sJiowod that glycerine imsvents the precipitation of 
hydrouH ferric oxide by caustic potash. 

If <ine ion of an electrolyte is adsorbed more than the other ion, 
it will tend to p(!ptiHe the adsorbing material and to give rise to a 
colloidal solution cottlaining positively or negatively charged particles 
acconling to the nature of the adsorbed ion. Univalent ions are not 
all adsorbed alike ; nor are bivalent or trivalent ions. The order of 
atlsorption is specific with each 8ul>stHnce. Certain univalent ions 
are adsorbed by certain substances more than certain bivalent or 
trivalent ions.-" In many cases there is, however, a marked tendency 
to increase«i .ulsorption with increasing valence, as formulated in 
St;hul/,e’B so-called law.*' It seems to be a general rule that insoluble 
electrolytes adsorb their own ions markedly. (Consequently, a 
soluble salt having an ion in common with a sparingly soluble elec- 
trolyte will tend to peptise the latter. 

Freshly precipitated silver halides are peptised by dilute silver 
nitrate or the corresponding potassium halide,^ the silver and the 
halide ions being adsorbed strongly. Many oxides are peptised by 
their chlorides or nitrates, forming so-called basic salts.^ Sulphides 
are peptised by' hydrogen sulphide.’^ Gelatine is liquefied or peptised 
by a potassinn i^ide solution. The peptisation of hydrous oxides 
by canstio alkali can be considered as a case of common ion or as the 
preferential adsorption of hydroxyl ion.*-'^ Hydrous chromic oxide 
gives an apparently clear green solution when treated with an excess 
of caustic potash ; but the green oxide can l>e filtered out completely 
by means of a collotlion filter, a colourless solution passing throngh.** 
IlantzHch^''^ considers that hydrous beryllium oxide is peptised by 
ciiustic alkali, copper oxide is peptised by concentrated alkali,^ and 
so is cobalt oxide.^'' In ammoniacal copper solutions part of the copper 
o.xide is apparently colloidal and part is dissolved.*' Freshly precipi- 
tated zinc, hydroxide is peptised by alkali : but the solution is very 
instable, the zinc hydroxide often coagulating inside of half an hour. 

The relatively small amount of zinc remaining in solution is 
present chiefly or entirely as sotlium zincate.^* The bulk of the 

{'omfftrs 98* (1H84). 

Bancroft, Jour. Phu^. 19, ar»3 (1915). 

Schulze. Jour, prakt. Phem, (2), 26. 4H1 (1882) ; 27* (1884). 

” LottcrmoBcr, Jonr. profit . Phrut, (2) 00* 72i 39(1905); 73*374 

(1908) /W/. phya. ('horn. 02. 371 (1908). 

** Miiller, Brr. ifoutarh. rhem, (reji. 39* 2858 (1908) ; Zeit. anorg, Phem. 68* 316 
(1907), S/.ilanl, Jour. Pftim, p/n/^, 6* 38,* 636 (1907). Graham, Jour, Vhem, Stfo* 
16* 254 (1862). 

** Sprinjf, B^r. /frutjtc/t. ehom, Prit. 10, 1142 (188?). Proat, (^h^m, 5(»c. 64* 

653 (1888). WinHsinffcr, Buff. fhim, Paris (3) 49* ^32 (1888). Linder and 
Picton, Jour, ('ftom, S<h\ 01. 116 (1892). Meunier, Pompier rendm„ 124* 1^51 (1897), 
Young, Jour. ('hem. 21* 1, 14 (1917). 

** Bancroft. Jour. i*hy*. C^hem, 20* (1916). 

^ Fischer and Herz, Zeit. onorg, (*hem* 31* 362 (1902).- Fischer, Zeit, anorg, Chem, 
40* 39 (1901). Nagel. Jour. Phye. Phem. 19* 331, 569 (1915). 

^ ZPJ. anorg. ('hem, 30. 289 (1902). 

Loew, Zeit. anal, Chem. 8* ^63 (1870). Fischer, Zeit, anorg, Chem, 40* 39 (1904). 

” Tul>andt, Zeit. anorg, ('hem. 46* 368 (1905). 

** Peligot, Ann, Chhn, Phye, (3) 03* 343 (1861). Guignet, (\tmp(e^ 65i 

741 (1862). GrimauXt Compfee rendu 4 t^ 98 * *^34 (1884). 

Ilantosch, Zeit, anorg, (%fm. 30* 289 (1902) ; 76* 371 (1912) ; Fischer and Hers, 
ZeU, anorg. ('hem. 81, 352 (1902) ; Klein, ZeU. am^rg. Phem, 74, 157 (1912). 
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evidence seems to be tiiai alumina is ni»t peptiseil appnciably by 
alkali and that it goes into solution as sotliuiii aluiiiiiiatf, ** though 
the other view has been supportoil.®* A<lsiii*ption of hy<iroxyl ion 
accounts for the peptisatkm of silicic acitl*' ami oaseine hy alkalies. 
Caseiue can also be peptised by aciils. A. Muller’* has prepared 
colloidal solutions of aluminum, iron, cobalt, thoriiim, and yttrium 
oxides by iH'ptisation with ililut© hydrochh>ric acitl, an«l Heiiiley ami 
Rose®* have peptised freshly precipitated alumina with S per cent, 
acetic acid. It is possible, but not probabh-, that the peptisation is 
done by a trace of meUillic salt formetl by the acid and not by the 
hydrogen ion. 

There are no cases where it has been shown conclusively that 
peptisation is due chiedy to adsorption of untlissociated salt, but 
undoubtedly such instances will be found. Water-peptisable colloids 
like gelatin,*^ ^tim arabic,®** dextrine,*® soap,'*'* or sapouine,*^ will 
peptise many precipitates, and they are often called protecting 
oouoids, because they prevent the agglomeration and consequent 
settling of finely divided precipitates. Caseiue is not peptised by water, 
bat acts a protecting colloid when peptised by acids or alkalies; 
Hydrous chromic oxide when peptised by caustic potash can then 
prevent the precipitation of hydrous ferric oxide Ac. If too much 
ferric oxide is present, all the chromic oxide is carried down by it.^* 

Solntions of copper oxide in ammonia will peptise chromic oxide. 
"Molybdic acid is not precipitated from its salts by turanyl salts, but 
tungstic acid is. In presence of tungstic acid, practically all the 
molybdic acid is precipitated. This is obviously a case of adsorjition 
and the converse is undoubtedly true that no tungstic aci<l would 
be precipitated in presence of a sulbcient excess of a inolylKlate.®* 
Aniline dyes, which are insoluble in benzene, can be peptised by a 
benzene-soluble colloid such as the so-called zinc or magnesium 
resinate.'** 

Since a colloidal .solution is one in which a finely dividetl pbam' 
is kept from coalescing in some way. it is clear that there may be any 
number of colloidal aluminas, for instance, varying from anhydrous 

*• Hers, Zeii, an&rg. f'krm. 25» Hantawch, Znt, anorg, i^kem. 30» 

(1902), Rabenbaaer, Ztit, amtrg. (*hem, 80» (1902). Finchor and Hi«n, 

anarg, f7hem, 31. 355 (1902). J**ur. ('hem, iSrir, }J3» ^21 ; Zetl, anorg, 

Cikem, 77* *^57 (1912); Tran*, Faraday Sae,, IQ, l**>0 (1914). Biarn, Jour, Am, 
Vhem. Sac. 35, 1499 (1915). 

^ Mahin, lograham and Stewart. Jtmr, Am. ('hem, Soc, 35 . no (ISIS). 

•* Graham, Jwr. rh 0 m. S,>e. 17. 324 (1S64). 

** Svadbarg, />ia Methaden lur lierttellvng hoUmder Iditungen. atutrganiMektr Stefi*. 
400 (1909). 

Am. Chem. Hoc. fifi. 1490 (ISIS). 

Eder’a Handhuch drr PH.ttttgrapkie, Stb Ed. 3. I. (1902). L&ppo-Ciaiaar. 
Phot. r»rretp»Md 0 Mi, 44. 578 (1907). 

*• Lafort and Tbibaalt, r Vm. fioc. 4g, 1322 (1882). 

*• Lachand, B»tl. .Sm. fkim. ParU (3) 15, 1105 (1896). 

Spring, ZeU. KolUndekemi« 4, 161 (1909) ; fi. Ih (1910). 

«' SchiaparelU, Jo»r. Chrm. S»<-. 40, 833 (1884). 

.* Noiihoota and Charoh, Jvur. ('hem, Hoe, fi, 64 (1854) ; Nagal, .Awr. Phy», ('hem. 
19 . 331 (1915). 

•• Pmd’bomme, Jeer. ('hem. Hoe. 26. ®72 (1873). 

«« Mias Hitchcock, Jour. Am. Phem. Hoe. 17, 488, 620 (1896) ; WOhlar. Amt. JSUktro- 
rkernfe^ UlR. 698 (1910). 
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alumina (AlsO.t) up to the most highly hydrous form that can be 
obtained. As a matter of fact, people have generally been satisfied 
with distinguishing only two sets of colloidal solutions, which they 
have called solutions of alumina and inetaliimina, stannic and 
metastannic ai;i<lH, Ac,"** While a<i8orption will cause peptisation 
under Hoitabb* conditions, the flisinlegrating power of the adsorbed 
substance is relatively small and often is not sufficient to break up 
solid masses. M protecting colloid, for instance, will prevent the 
formation of a precipitate when it may not be able to disintegrate a 
massive precipitate. 

The preparation of colloidal solutions by peptisation is usually 
classed un<ler the general head of dispersion mtdhods. Five different 
types may bo distinguished : — 

1. Hemox'al of Ayglameruting Agent. — If a precipitate has settled 
from a colloidal solution owing to the addition of too much of an 
agglomerating agent, the precipitate may go back into apparent 
solntion if the excess of agglomerating agent is washed out. No 
colloidal solution will be obtained if it is impossible to wash oat the 
coagulating agent or if the agglomeration has gone too far.^' If a 
silver halide precipitate is washed on a filter at once, the silver salt 
iif apt to run through the filter when the excess of potassium salt has 
been removed and there is present only the amount which would 
have kept the silver halide in suspension originally. When the rare 
earth nitrates are precipitated by ammonia and then w’ashed, they 
are liable to stay suspended in the liquid when the ammonium 
nitrate is nearly all remove*!. In alloy work stannic oxide should be 
washed with dilute nitric acid and not with water. Zinc sulphide 
is apt to forma colloidal solution when the ammonium salt is washed 
out,'*" an<l copper ferrocyanide do«‘8 the same thing if all the copper 
sulphate is removed by washing.*'* In fact, Chantard*'' claims that 
the quickest way to wash a gelatinous ]*recipitate is to evaporate the 
solution to dryness and heat before trying to wsish. Merely evapor- 
ating on a water-bath is not always sulfieient.''* 

2. Addition of Peptieiug Agi'Hl. — Instead of washing out a pre- 
cipitating agent, a peptising agent may be added. Ammonia is very 
effective in suHiiending clay,** silicic acid is peptised readily by 
caustic soda,** ami I’russian blue is peptised by oxalic acid or by 
potassium oxalate. In some cases the concentration of the peptising 
agent has to be high, as when oxides are peptised by alkali, and 
people usually assume the formation of compounds. 

The action of 8t»ap on rouge or carbon black** looks like a disin- 
tegration ; but it is not. If a suspension of carbon black in 'water 

HantisKch, anorg. Chtm. 30" (.1902) ; Bancroft, Jour. Phtf*. Chem. 19* 

232(1915). ’ * 

*1 Cf. Abcgg ami 8chroe<l«*r. Xeit. A'olfifnir/irinie, 2, 85 (1907). 

e Donnini, .four, f'ftrm. Si>r. 66 H. 31S (1894). 

•» Berkeley an«l Hartley, Phil. Tratu. ^6 A, 486 (1906). 

»« Jour. Chem. So,-. 26* (1873). 

»' Wright, IhiJ. 48. 156 (1883) ; Kratas : J,>ur. Phy». ('hem. 16, 121 (1912). 

»»8key, t hem. Xeiiv, 17, 164 (1868): 22.236(1,870); 34, 142(1876); see aldo 
Doelter, JtanJhuch dor Miuorntehomio, 2* 122 (1912). 

** Graham, Jtmr. Chrm. S,>e. 17, *324 ( 1864 ). 

Spring, Zeit. Kolloidehomio. 4, 161 (1909) : 6. > b lO-** 1S4 (ItMM)). 

Bancroft, JoNr Pkg». f.'Aew. 20* lt)7 (1916). 
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be filtered several times throujfh lilter-paper, the wattn- will tinally 
rnn throngh clear, and the earhon hlack will he ht'M hack l>y the 
filter-paper. If a seap soliitit>n be jxmretl on the filter, si hhtek iiltrate 
is obtainetl and the tilter-paj.H‘r is no longer black. 11 the carbon 
black has passed throinrh the filter paper. 'I’he ssone shing can be 
done with rouge, except tluit a reil filtratt' is obtaineil instead of a 
black one, .Vt first sight it seems that though the soap inii.st have 
broken np the carbon or the rouge into liner partiides, which then 
passed throngh the filter, but this is probably not so. The filter- 
paper is porous enough at first to let through the particl. .■< of carbon 
or rouge, as is shown by the fact that some of the HUBpei.ded matter 
does pass through the filter at first. The cel lub’se adsorbs the carbon 
black or the rouge, and this olog.s the filter to such an e\ieut that the 
pores are not large enoug'h to let the remaining parti Ics through. 
The Boap removes the rouge or the carbon black froui the paper 
because it adsorbs these .substances more .--trotigly, ;iiid > very tiling, 
therefore, goes through the paper. 'I’hat this i.s tlo- trm * \platiation 
can be shown in two ways. In the first plaee, the expenmi iit diies 
not sncceed if the rouge or tlie carbon is two coarse. In the .-ecotul 
place. Spring showed that we are dealing with an adsioption of 
carbon black by tilter-j»aper. If the hlack tiltcr-papcr I'c reversed 
and washed with water, the water removes only the hlack which is 
not in immediate contact with the paper. 

3. Mechanical Dhintegrntion. — If a solid he gronjnl Bnfliciently 
fine, it will necessarily form a collcddal solution for a time. This 
has been done experimentally by Wegelin^* in the ca^e of a namber 
of metals. The addition of gelatin makes it easier to disintegrate 
ductile metals. Since a finely divided stdUl is more soluble, it is 
possible that it may go into solution and then precipitate in another 
form. This seems to happen with quart/,. When reihicetl to an 
impalpable powder by long grinding, qnart/, can he converted into 
colloidal hydrons silicic acid merely hy boiling with water.*** 

4. Electrical Disinirgratinn. — When a direct current arc is 
formed under water between two wires, the metal is disintegnitcnl and 
colloidal solutions of platinum, iridium, palladium, gold, silver, and 
cadmium may be obtained in this way.*' Satisfactory conditions are 
obtained with 30 to 40 volts and 5 to Hi amperes. \ tmee of alkali 
in the water causes formation of finer particles, presumably owing 
to the stabilising effect of the hydroxyl ion. The disintegnition is 
chiefly at the cathode. 

The method is not satisfactory with organic liquids, because two 
much decomposition of the li(]uidH takes place. Svedberg found 
empirically that this decompo.«iition could he liucreased very much 
if the carrent density werf} made H8 small as possiblo.*” He there- 
fore used an oscillatory discharge from an induction coil with a 
condenser in parallel or in seriv*s. The best results arc obtained 
with large capacity, small self-iiidnction, low resistance, and short 

** ^U. Kollnidckemif, 14. 

Deech, The (.'kemititry and Tenting of Cement, iiS (1911). 

« Breclig, Zed. ITehtmehemie, 4 , r.l4 (189S) ; Zeit. Phyt. Chem. 31, 25S (1899). 

M Sredberg, 424, 
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artr. By tiiirt im|»rov«ui method Hvedherg Hiicceeded in preparing 
colloidul KoliitiDiiH oi' all the metalB, including the alkali metala. 
Ju(iuid methaii'*, etlier and isohutyl alcohol at low temperature were 
eB|)ocially saliKlaetory with the metalu of the alkaliee and the alkaline 
eartliH. 'I'he (■rder of <lisintegration of Home of the metalH under 
Himilar comlitiuiis waH found to he Fe, (Ju, Ag, Al, (la, Bt, Au, Zn, 
Sn, (M, Sh, 'I’l. Bi, I'h, the iron being the leant rapidly diHintegrated 
iind th«‘ lead (he rnont ritpidly dininiMgrated. There is no apparent 
relation either with the order of the hoiling-pointH or with the order 
of diHintegration hy cathorle ray» or canal rays, 

5. /''In troi hcniinil 1 >isinte4jrnl itni . — With a lead cathode in caustic 
Hoda solution, ihe h*ad di.Hint(*grate.s when the current density exceeds 
a critical valii'-, and tin* solution is coloured black like ink, with fine 
particleri of metallic lead.''^ This is due to the temjtorary formation 
of a sodiuin-lea.l alloy, which then disintegrates in contact with 
water. Similar re.sults c.'in he ohtairied with cathodi^s of tin, bismuth, 
thallium, arsenic, antimony, and mercury. E. Muller*^ obtained 
(■(dloidal holutions of tellurium wdih a tellurium cathode. This 
seems to he <lue to the formation of polytellurides, which break 
, down and set free tellurium. In the presence of oxygen there may 
also he an oxidation of a telluride. Fischer®* has obtained metallic 
copper in the solution by using a high current density with a copper 
anode in sulphuric acid. Cuprous sulphate is formed, which breaks 
down to metallic copper and cupric sulphate. This experiment has 
not yet been made to give colloidal copper ; but this could probably 
be done if one were to add a suitable protecting colloid. The 
disintegration of all electrodes by an alternating current when the 
current density is high is undoubtedly due to the temporary formation 
and 8ubse<|uent breaking down of a hydrogen or metallic alloy. 

Three classes of colloidal solutions have been distingnished, in 
which the stabilisation is due : to adsorbed liquid ; to adsorbed 
non-electrolyte, which may be in true solution or may be itself in 
colloidal solution ; and to an adsorbed ion. The last case is the 
easiest one to treat theoretically and is therefore taken np first. So 
long as the particles are all charged positively or all charged nega- 
tively, they will repel each other and will not coalesce. If the charge 
is neutralised or counter- balanced in any way, the particles will 
agglomerate®^ unless some other factor comes in. If a suspension is 
stabilised by the preferential adsorption of hydrogen ion from 
hydrochloric acid solution, the solution contains free hydrogen ions, 
free chlorine ions, and the adsorbed hydrogen ions which make the 
suspension behave like a cation though with a different migration 
velocity from that of hydrogen. If the suspension is made to adsorb 
an anion in an amount equivalent to the hydrogen ion adsorbed, the 

» Reed, Jmr. Franklin Inst. 139, 283 (1895). 

Hrediff and Haber, Jtcr. ('kern. Qrt. 31, 2741 (1898). 

Haber and Sack, Zrit. Elaktraekenit g, 245 (1902) ; Anot g. Chem. 34, 286 
(190.3). 

« ZrU. KUktroohemu H, 621, 70l (1905). 

Haber, Ibid. H, 660, 827 (1906). 

Ibid. 9, 507 (1903). 

** Hardy, Zeif. Pkvi. Chem., 33, 385 (ISKK)). Burton, Phil. Mag. (6), 12, 478 

(TiiciO/ati . nn /TdCiAwY 
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suspended particles will be electricadly neutral. This can be done 
by adding an electrolyte with a readilj’ adsorbed anion. 8ince this 
is a matter of selective adsarption, the concentration of the added 
anion necessary to cause an adsorption e(|uivalent to the hydrogen 
adsorption will vary with each anion. To put the matter more 
generally, the amount of an electrolyte necessary to precipitate a 
colloidal solution will vary with the nature of the cation, the anion, 
and the dispersetl phase. While it is generally true that an ion of 
higher valance will be adsorbed more strongly than one of lower 
A'alence, this so-called law of Schulze^ is only a first approximation 
and should be considered only as a guiile. 

That some univalent ions are absorbed more strongly by some 
substances than some bivalent or trivaleut ions is shown clearly in 
data by Oden on colloidal sulphur®*, given in Table I. In thtr second 
column are the liminal concentrations necessary to coagulate 
the sulphur, given in gram atoms per litre of the cations ; in the 
third column are given the reciprociils of those values, the so-called 
atomic preci pi tilting powers. 


T\hle 1. 

Cotiffiilotifin of Sulphur ot l8‘^-20°. 


Salt. 


Liminal tuIuo grain. atoinn Atomic prefipitating pow^^ 
(atioms p<*r htn*. ot cation. 


HC’l 

LiCI 

NH4CI 

(NHOrSO, 

NH*NOj 

XaCl 

Xa^SO, 

NaXO, 

KCl 

KySOi 

KNO, 

Rl^;i 

CsCl 

MgSO, 

Mg NOs), 

• C»fl, 
Ca(XO,), 
8r(NOa), 
BaCI, 
Ba(NO,), 
ZnSOi 
Cd(NO,), 
AlCb 
CoSO, 
Mn(XO,), 

UO,(NOt), 



(t*16 

o-ol.'} 

! 11 

o-4:i6 

! 23 


1-7 


2 0 


6’ 1 

0176 

5 * 7 

el«3 

6 1 

11021 

i 47 Ti 


i 39-7 

0 022 

; 4fr5 

0 016 

63 


S 108 

o-oim 

J*»7/» 

o-ooso 

125 

o-wii 

24 r> 

oiS)4u 

247 

(rotrjr. 

! HHH 

0-0021 

47.1 

0-.SI22 

46] 

0 0756 

J3‘2 

0 0493 

20*3 

0-IKH4 

227 

0-0098 

102 

0 0096 

105 

0 0446 

22*4 

00137 

73 


•* Jiutr. Prakt. Chrm, (2), 26, 431 (1S82) ; 27. 3»> (l«84). Bmoroft, Jwr. Pkyt. 
19, 364 (ISIS). 

*♦ IPr KMoiir.Srhtr^frl, hV, (1912). 
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Under the conditions of <>d(^n’s experiments, sulphur is a 
negative colloid, sind the {irecipitation is therefore due to an 
adsorption of cations. The first thing to be noticed is that 
hydrogen ion is not adsorbed stronglv by sulphur, the precipitat- 
ing power of hydixjclilori<* acid being uiui’h less than that of 
lithium, aiiimonium, sodium, iMitassium, rubidium, or caj.sium 
chloride. Instead of tliese univulent cations precipitating at the 
same concentration, the required concentration of lithium 
chloride is, in round numbers, one hundred times that of caesium 
chloride. The liiuinal values for barium and strontium are 
nearly equal, but cnlcium chloride requires a distinctly higher 
concentration. If we fake the different bivalent ions the values 
nuige from 0‘075(J for zinc to 0‘0022 for barium, a ratio of over 
thirty to <me. The univalent caesium, ion has a greater precipitat- 
ing jMiwer than the bivalent zinc, cadmium, nickel, and uranyl 
ions; and about the same precipitating poAver as the bivalent 
copper, manganese, and magnesium ions. The trivalent 
aluminum ion has about the same precipitating power a.s the 
bivalent ealciiim ion, and distinctly less precipitating power than 
hiA'aleiit strontium and barium ions. The specific nature of the 
adsorption conics out extraordinarily clearly Avith sulphur, almut 
th«* only orthodo.v thing being that nitrate, chloride, and sulphate 
behave pracficallv alike, though even here Oden considers that 
.sulphate has a slight protecting action. This specific nature 
appears more clearly, perhaps, if we arrange th(‘ cations in order, 
the one Avith the greatest precipitating power coming first: Ba, 
Sr > Ca, A1 > Mg, (^s, Mn, Ou > UOj > Rb > K > Ni, Cd, Zn > 
Na > NH 4 > Li > H. 

Suliiliur is admittedlv an extreme ease, but Freundlich®^ 
gives data for colloidal platinum from AA'bicb I deduce the order: 
Al, I’b > Ha, 1T()2 > Ag > K, Xa. BiA-alent lead has practically 
the same precipitating power as triA-alenf aluminum. Univalent 
silver is iKNirer to biA-alent uranyl and barium than to unxA’aleut 
{Mitassium and sodium. If mon* (*ations had been .studied we 
should A-ery likely baA*e got more distinct cA'idence of specific 
action. As it is. it takes L'lO millimols XaOH per litre to 
coagulate the platinum, and only 2’5 millimols XaCl. The change 
from chloride to hydroxide lias a more marked effect than the 
chang(» from sodium to liarium. It seems A*ery probable that 
barium hydroxide aa-ouIiI Iuia'c no greater precipitating power 
than sodium chloride. From Pappadsl’s experiments w'ith <?ol- 
loida] siU'er'’’* I deduce the following order of adsorption; Al 
> Ba, Sr, Ca > H > Cs > Rb > K > Na > la. From these data 
Pappadh concludes that the migration A*elority is the determining 
faetor with the uniA*alent cations; but this cannot be true. The 
difference between aluminum and hydrogen is not A-ery great, 
one drop of M/IO 11 Cl producing a coagulation and one drop 
M/20 AlCl,. In tenth-normal solutions j>ota.ssium iodide, 
nitrate, and sulphate produce no coagulation. The reason yiven 
by the author is that these anions react with the colloidal silver. 


«* Kupatmrek^mie, 85S (1909). 
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In normal solutions the iodides, nitrates and sulphates are raid 
to precipitate at the same concentrations as the wrresponding 
chlorides and bromides. The effect of concentration is a little 
obscure in other resi>ects since 5 or 6 drops of normal KCl precijpi- 
tate 2 cc. 0 06 per cent. Apr, whereti.s it takes only 60 drojvs N/10 
KCl to produce precipitation. The essential thinpr. from my 

f ioint of view, is that the different univalent cations have different 
iminal values; the difference between hydropren and lithium is 
greater than that between hydrogen ainl aluminum. 

From exiH'riments on mastic®' we get the data given in 
Table II. 


Table 1 1. 


Cnapuhitinn of Mnstir. 


Salt, 

Limtnal vnliio. eram 


atonic. 

jv<)\v»*r of t'ntioii. 

NaCl 

ro 

1 

AirXO, 

ti- 12% 


He VO, 


Him 

HCl 

o t»l») 

loo 

CaCl, 

0 02.% 

1 40 

BaCl, 

0-02.% 

i 40 

ZnSO* 

«)*0.%4i 

1 2" 

Al}(S( j 

Omi004 

! 2 .r.oo 

Aljf NO 1 

0*0Ot»4 

j 2 ..'>no 

FeCl, 

0’0oo3 

; 3,.3<)0 


If we consider tin* meri ury in mercurous nitmleus.'i Jinivalent 
ion, it is very much out of place, juecipitoting at much lower 
concentrations than the barium, calcium, and zinc siilts. Of 
c<»urse, the formula should be written Ilg,(NO,), with Hg, as a 
bivalent ion.’’’' In this case the precipitating pr>wer becomes 
1,600 instea<l of Ht)0, whi< h puts it, u]) much nearer the trivulent 
cations than the bivalent <ines. The order of (“athms is: Fe, 
Al>Hg 2 >H>Ba, (’a > Zn > Ag Na. <,)nly three anions are 
given in the table, so it Is impossible to tell what effect the anions 
h.ave. A gofwl iminy experiments have been made <in mastic with 
different acids, hut the degree of electrolytic di.ssociation vorie.s 
so as to make these resailts inconclii-sive. With Prussian blue 
Pappaflii®* found the order of the cations to hi* : Fe, Al, (’r > lia, 
Cd > Sr. Ca > H > Cs >Hh >K >Na >Li. Sulphates, nitrates, 
chlorides, bivimides, ond i<idides all behoved alike. Practicolly 
the same order of the cations was obtained for copper ferro- 
cyanide.^" In the cases studied by Pappada the specific adsorp- 
tion appcfirs to play a very slnoll part. The data for arsenic 

** Pappada. Gaiz. rhim. ital. 42, 1. 263 (1012), 

Frennfllich. Kapi/larrhemie, 367 ('I9<*9). 

»* Ogg, Zeit. phyn. rkem. 27, 286 (1898). 

•» Kolloxdehfmie, g. 83 (1911). 

7'* Pappad&, Zrit. Kolloidrhemie, 9, 1.36 (1911) 
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sulphide/* however, give variety enough. The order of cations 
is Ce, In, benzidine, Ai > new fuchsine, crystal violet > quinine > 
morphine, UOj 8r, Ca > Be, Zn, Ba > Ng > p-chloranilina 
toluidiire > aniline > strychnine > guanidine > H > K> Na >Li, 
The organic cations come in where they please and play havoc 
with !inv rule as to valency. The chlorides and nitrates give 

f >raetically the siinie values, and the sulphates are not far out of 
ine, though it seems probable that the restraining power of 
sulphate is rather greater than that of chloride or nitrate. The 
liminal values in gram atoms of the cation per litre are 0‘0056, 
O'OObfi, 0‘0()8(i, (MIO, and > 0-25() for potassium nitrate, sulphate, 
formate, acetate, and citrate, from which one can deduce that the 
order of adsor])tioii of anion is: citrate >acelate >formate > sul- 
phate > nitrate, <-hlori<le. Jt is a great pity that Freundlich did 
not try other (>onibiiiatioiis, such as barium acetate, for instance. 

From the *‘X])crimciits on hydrous fenic oxide, the order of 
ailMn’pf ion of the i)r(*< ipiuiting anions appears to be Cr, 0 , > SO 4 
> Oil > salicyluic l)en/(»ate > formate XJl > NO 3 >Br >1, while 
(he order for the caliojis is : 11 > Ba > Mg > Tl, Na, K. The 
univalent ions do not all behave alike, and neither do the bivalent 
<na‘s ; but the upholders <d' Schulze’s law comfort themselves 
with lilt* fact (htii the two sets do md overlaj> exeejjt in the case 
of hydrogen. 'I'hmc is no mu*Ii comforf in tlie case of albumin. 

I luive shown’’ that the pr<»balil<- order of itdsor]dion of anion.s, 
so far as known, is : sulphocyanate, iodide > chlorate > nitrate > 
chloricle > acetat«» > phospiiate > snliihate > tartrate, the sulpho- 
cyatiate ion being ad.sorhed (In* most and the tartrate ion the 
least. Here there is nothing even to .suggest Schultze’s law, 
and the firm helitd which mo.st i)eo])b> have in S<-hultze’s law is 
jirol»altly <»ne reason f<ir the marked failure to uc<‘oiiut .satis- 
factorily for the ])henonu‘na with alhnmin. WifJi (he cations 
allinmin appears to he fairlv ortlnalox. for the order of adsorption 
api>ears to be Th, TO... > (b\, Zn > Ca > Mg > Id > K, Na > NH 
though even here the lithium sbinds higlier in the .serie.s than it 
has been found with other .'.nl).''taiie 4 >>. 

While lluTe is ninjuestionahly a leiulency tor ion.s of a higher 
valence to he a<lsorhed m<»re strongly tlmn i<ms of a lower valence, 
the exjK‘riments which have been m'ted .>how that there are many 
exeejdions, and that the fundamental rule is that the ad.sorption 
is specific both as regjird.s the adsorbing snb.stanee and the ion 
ad.s<)rl)e«l. 

Albumin is a sjieeially interesting rase because it i.s peptised 
readily 1)V cations or anions. When it is negatively charged, as 
in a slightly alkaline .solution, a strongly adsorbed anion will 
make it more negative ami more .stalile. C\>nsequently, precipita- 
tion by a .sotliuni .salt will be more effective the le.ss readily the 
anion is adsorbed. On the other hand, in acid solutions the 

Freundlich, Knpilhirrlwmif, (1909). Freundlich and Sohneht, Xrit. phys. 
f’hem. 80, (1912). 

Freundlich. Knpillnrt'h^mif, 3.>2, (1909) Zsigfmondy. Kulloulchemie, 181 

(1912). PappadJi, ZrU. K»lU>uith«mie, 9, 2.3:1 (1911). 

** Bancroft, Jnur. Phu*. ('hem. 19, S52 (.1915). 
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soclium salt with tho most- stroiijfly tuKsurl>e<l auiou will be the 
juost eflieetive iu causiuiy precipitation. Negatively ehnrgeti 
albumin i.s precipitated readily by sodium chloride, and not at 
all bv .s<Hlium imlide, while'imsitively charged albumin is precipi- 
tateJ by stKlium i<Mlide much more retidily than by stMlium 
I'hloride. 

If one over-runs the |>oint of electri«‘al neutrality, the suspen- 
.sion may become stable again becau.se it is slabili-stnl by jirefereu- 
tial adsorption of an ion having the opjmsite sign. If one add.s 
a little less than the equivalent amount <if a dilute ]M>ta.s.sixim 
bromide soluti«m to a dilute silver nitrate .solution, one gets a 
positively-charged colloidal solution t>f silver bromide because 
the silver bnmiide is .stabilised by iulsorbed silver ions. [f one 
adds slightly more than the etjui valent amount of the iH)ta.ssiuin 
bromide solution, there is obtained a negat ively-<-harged colloidal 
.solution of silver bromide, stabilised l>y adsiirbed bromine ions. 
If more bromide M)Iutioii is added, the silver bromide will coagu- 
late because tliere will come a j>oint at which the slight adsorp- 
tion (»f the iM>tassium ion counterbalances the adsori»tion of the 
bromine ion. In «>ther word'^. silver bnmiide j)recipitates, when 
there is a «li'tinct excess of silver nitrate, ■'tavs in suspension as a 
positively charged colloid when there is (Uify n slight excess of 
silver nitrate, precijiitatC', when the susjjcnsion becomes ebs-tri- 
<-ally neutral, .stav.s in suspension as a negativel\ charged <>olloi<l 
when there is a .slight exce-.s ot f>otassium bromide, and preeijd- 
tates when there is a di'tinct excels of ]>ota.ssium bromiile. At 
the two ends of this series ther«‘ is also the possibility ol true 
solution ot .silver bromiile in silver nilr.ite or jHdassium bromide. 

An int<*resting ca-e ot the preiipitation ot <i iidloid by an 
electrohte i.s to be fouml in the .iction ot .sea-water on muddv 
river water. Skey'* jMiinted out that suspended mud is pri'iMpi- 
tatetl by elect rolvtes. and Waldie*’ has diseu.ssed the clearing of 
the water of the llooghly. When a river flow.s into theoi-eaii, the 
current becomes le.ss, ond .some ot the susinnidcd mud is dropped 
on this account: but that i.s relatively unini}K>rt.ant in many case.s. 
Sehloesing^* called attention td the tact that the tormalion <if 
ileltas is due primarily to the coagulation of the suspension by 
the electrolytes in the S4ilt water. Another interesting ease of 
the neutralisation of an eleetrieal charge is the precipitiilion of 
positively charged colloiils by J rays."* 

Since the imiM>rtant thing in the neutralisation of an adsorbed 
ion is the adsorption of an ion of tlie oiipiisite charge, we may 
get neutrali.sation when we have a colloid with the op|K).site 
charge. In other words, we may neutrali.se an ad.sorbed ion 
with another adsorbed ion in.stiHid of by a free i<»n. Tlie usual 
statement is that, sols having the same charge do not affwt each 
other perceptibly, while sol.s having opposite charges precipitate 

« rhfm. .VVi/vr, 17, HK> (1868). 

Vh^m. Newt, 80, 37 (1874). 

Jour (.’kno. 760 <' 1871 ), 

Hard/, Jour. Ph^gioloffy, 89 * 2® (15Hli3). Hober, Phytihalhrho t'Komir der 
ZelU mnd Xrwehr, 832 (1011): Burton, Thr Pkvnical Proutrltto of ('Moidal 
SolutioM. 172 (1916). 
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ea<;h other.’'* Neither of these statements is as accurate as it 
should be. 1 shall hike up first the vAise of sols having opposite 
charges. Positive and negative colloids will precipitate each 
other when in proper proportions and provided adsorption takes 
jilace.^* I see no theoretical reason'* why we*should not have a 
positively charged and a negatively charged sol, neither of which 
adsorbed the other to any appreciable extent. In that case these 
two sols would not precipitate each other. Since complete 
neutralisation takes place only when one sol has adsorbed the 
amount of the sol carrying an equivalent amount of the ion 
having the opjiosite charge, it follows that the amount of one sol 
necessary to precipitate a given amount of another sol will vary 
with the degree of adsorption ; it will therefore lie a specific 
jiroperty and not an additive one. This can l>e testeil experi- 
mentally on data by liiltz given in Table III,*'' 

Taulk III. 

1'4 tnti. ifold cumplettfly precipitated by 

_CeO, _ _ ThO* __ZrO, Cr,0, A1,0, 

4 :i i-6 O'l -0*2 mg. 

28 mg. SlijOj completely precipitated by 
Fe,0, ThOj CeO, ZrO, CrO, Al,Os 

ii2 ■ 2U ' 11 6 5 3 0 2 0 mg. 

24 mg. AgiS] completely precipitated by 
Fe,0, ThOi, CeO, ZrO, A 1,0, Cr,0, 

13’ 6 4 2 2 0-5 m?. 

Alumina i.s more effective than chiomic oxide in precipitating 
antimony .suljiliide. and much le.s.s effective in precipitating 
arsenic sul{>hide. 'J’he alumina must therefore be adsorbed more 
by antimony sulphide than chromic oxide, while the reverse must 
be true for arsenic sulphide, ('erium oxide is less effective than 
ferric oxide and thorium oxide in precipitating gold, but is more 
effective than either ot these in jireciinhiting the .sulphides of 
antimony and arsenic. The phenomenon i.s thus .specific, varying 
with the nature of the two colloids. This seems not to have been 
realised before. In fact. Freundlich says definitely*' that ‘one 
•seems to find approximately the same order regardle.ss of what sol 
is to be jiret'ijiitated.’ This statement i.s true, but it missed the 
imjKirtant thing in the exjieriments, which was that the order 
was not always the same. 

We can now take up the case of sols having the same charge. 
The .statement that neither has any perceptible effect on the other 
i.s ba.sed solelj’ on the fact that no prei’ipitation occurs. We 
know, however, that ca.se.s of adsorption are not limited to colloids 
or electrolytes having opposite .stgirs. Fharcoiil adsorbs both 
bases and acid.s. Silver bromide nd.sorbs silver ions or bromine 

Frenndlioh, KapiUartfh»mi4>, 444 (1909). Z4igmondy, KoUitidchemiff S€ 

(1912). Hober, Pkpsihalitchr CktmM der Zelle H»d JStwmbt, 294 (1914). 

^Bancroft, Jour. Phy». Chom., 13, kkH (1914). 

*** Frvandlioh, KapUUirch,emiOf 446 (1909). 

•< FreandUob, Kapaiarehomit, 446 (1909). 
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ions, fls the ease may he. There i.s, ther«'fore, no thtsirelicoJ 
reason why preeipilated hydrous ferric oxide mif^ht n<>t adsorb 
chromic oxide, and vice versa. If the preeipitiited suhstam *• will 
do this, there is no reason why the pejitised auhstiuice should not. 
Nngel** has shown recently that^ this does occur, and that it 
acoonnts for the behaviour of mixtures ai cliromio and ferric 
salts yriih excess of alkali. Hydrous chromic oxide is peptised by 
caustic potash, while hydrous ferric oxide is not. If the 
chromium salt is present* in large amount relatively to the iron 
salt, the ferric oxide will ad.sorb the pcpti.sed chmnuV oxide 
and be peptised by it, going apparently into stilution. If the 
ferric salt is present in excess, it will adsorb the pepti.sed (!hromic 
oxide, carrying it out of the liquid pha.se. It i.s to lie noticed 
that the chromic oxide, when in exce.ss, acts as a s»M*alled probft- 
ing colloid to the iron oxide. Kverybodv is familiar with the 
fact thot gelatine is ad.sorlied by colloidal gold, for insnuicc; 
but that is usually treated under the heading ot pr«>lective c«dloids 
rather than under the heading ot mutual action of two colloids. 
The ca.se of chromic and ferri«' oxides is merely another illustra- 
tion of the fact thot the distin<-tion between a suspension c<dloi<l 
and on emulsion colloid is now arintr.iry and un.sati'-tai tory ’ 

Coming back for a moment to the btduiviour of two op|K>'.itely 
ch.arged colloids, there is a siM'cial hypothetical co>e which i.s 
perhaps worth mentioning. Suppo,st» we have two .sibs of tinely 
divided particles, neither of which iid.sorb.s th*‘oth«T a j>pr<'eiably, 
and let us also supixxse that one s<«t of partieles ad.»orh-< a given 
cation very .sfrongli", while tin- other set of jxirtiele.s ad'<4>rl>.s a 
given anion very strongly. If we tak«* a mixture ot these two sets 
of portiele.s ami add a small amount of the salt of the given ba.se 
and the given anion, we shall have a eolloidal ndution which will 
<^onduet eb*ctrieity very well, but which will contain no free ionslo 
speok of bec*ause, by definition, the cations have been pra< t iesilly 
completely adsorbed by one set of i)arlieles nnd the anions by the 
other set of jxirtieles. This jiarticular ea.se has not been realised, 
but an intermediate one .seems to have been found by Melfain and 
Martin'* in stMlium palrnihite Mdutions. 

‘ Mo.st authors .since Kablenberg nnd Sebreiner''* have, as ,a 
matter of course, ascribed the conductivity exhibited by s<uip 
solutions largely b> free alkali hydroxide. In j)revious paper.s 
from this laboratory the same tentative suggestion was made, but 
it wu.s each time c-learly stated that it was only a working 
hypothesis until these experimental data should he a.scertained. 
^ow it is certain that the conductivity of .soap stdution.s i.s, only 
to a 'very minor extent, dtte to hydroxyl ions. Further, on 
account of the fact that the rise of lK)iling j>oint in certain .soap 
solutions is practically all required to account for the midium ions 
alone,*® the conductivity cannot 'he wholly ascribed to simple 

•* Jintr. Phyt. ('hem. 19, 331 (1915). 

M Bancroft, Jt<ur. Phy». (’hem. Ig, 666 (1914). 

« Jour. ('hem. Soc. 105, »65 (1914), 

»» ZeU. Phye. Chem. 27. S52 (18»8). 

•• HcBain, Tran*. Faraday Soe. 9. 99 ; Xeit, KoUoidehemie, 12, 266 (1913) 
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pnliiiiL'iUt ions. 'I’lu* MJjfj't'.sfion \v<» iitudo is that we have here 
a new tyi)t* of a jjftf reflate or micelle, the mobility of which, owing 
to th«* rea-'Oiis given in the paper cited, is comparable w’ith that 
of a true anion. Uf course, further investigations are jiroceeding 
in this hibonitory in oitler to bring this tof the test of direct 
exfieriment. Incidentally, the iibove shows, farther, that undis- 
sociated soap ih present chiefly or entirely in colloidal form.' 

As I see the matter, the sodium palmitate is hydrolysed and 
the hydroxvl ions sire adsorbed to a great extent by the undis- 
•sociated psilmitate, and po-ssibly by the insoluble palmitate acid 
also, though thi.s .seems less probable. The adsorbing substance 
thus becomes the anion, owing to the adsorbed hydroxvl.. Because 
of electrometric measurements, McBain*' considers that there is 
practically no hydrolysis. Electrometric mea-surements only 
.show the coiicentnition of hydroxyl ions in solution. I do not 
believe for a moment that an adsorbed hydrogen ion or hydroxyl 
ion behaves electronn'trically like a free, hydrogen or hydroxyl 
ion. An adsorlaul chlorine ion, for in.stance, would not giv’e a test 
with .'silver nitrate. I'nder these ci re um. stances the electrometric 
mea'iurements are .s;iti.'.factory for shtjwing the concentration of 
hydi’oxyl ions in the solution, but they are utterly worthless for 
showing the degree of hydrolysis of s«Klium palmitate. For the 
sjiine reason 1 am very >eeptieal as to any (‘om lusion in regard to 
albumin soluti<nis which is based ele«’trometric measure- 

ments.'"’ 

So-called irregular .series '**' have been observed when a suspen- 
sion of a p<isitively-cliarged eolloid is added to a suspension of a 
negatively-charg<*<i colbdd. When inci'oasing concentrations of 
aluminium sulphate were ad<Ied to a negatively-charged solution 
of rnastii' there was at first no jireeipitati<m, and the suspension 
was ('barged j)ositively because the mastie was pre.sent in excess. 
.\t higher coneenlrati*»ns of aluminum sulphate, the suspension 
bt*came electrically neutral, and complete precipitation took 
place. .\t .still higher (*om'cntra(ions the mastic was held in 
suspension by the hydrolysed alumina, and the suspension was 
charged jmsitively. At still higher concentrations of aluminum 
sulpliate com})lcte priM'ipifat ion o<'cun'cd. This apjxirently 
ahnormal result is due to the fact that the exjieriment is not 
exactly what it j>nriK)rls to he — the addition ot one colloidal solu- 
tion to anotlicr. Inste<id of adding a colloidal solution of 
alumina, there wa.s added a so-called .solution of aluminum 
sulphate, which hvdn>lysed to ixilloidal alumina and sulphuric 
acid, with po.s.sildy some aluminum sulphate left unchanged 
esiiecially in the higher concentrations. The amount of free 
sulnliuric acid is always cquivjilent to the amount of alumina, 
and the two concentrations incr*'a.se proportionally. The so- 
called ahnormal pre<'ipitatiou at the higher concentrations is 
merely a precipitation by sulphate ion.s, and i.s absolutely normal. 

McIIkin and Martin, Ji>ur. Site. 106» (.^91 *)• 

Bancroft, Jour. Pht/it. ('firm. 19, S49 (I9I.A). 

*• Naiasar and FritiAniann, J!rit. angmo. (hrm. 190fl, 19i'3 ; Beohhold, Zeit, 
Phyt. Chrm. 48* 285 (1904) ; Bnxton and Teaffue, Mit Phy*. Vkem 07, <7, 64 
(1907) ; Freandlioli, Koftillarehomir, 402 (1909). 
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Since the precipitation ot one eolloitl hy nnother may place 
within a I'elatively narrow ran#f»‘ of «’oncn‘ntraf ions, it is not 
surprisiiijf that pwmle have postulated the existence ot (lefinite 
chemical <'oini>ounds in onler to actstunt for the prts-ipitoles. 
The literature on the siit>ject is in a worse state even than that on 
the so-called hasic salts. For instance, ferric ai*senate. .iluniiiium 
silicate, stannu- phosphate, and cuj)ri<- e(>sinate ore not formed 
under urdinarv conditions hy prts-i{>itation fi'om .sohitions. 'I'he 
precipitation is due to the mutual isKi^ulation of two colloiiis, 
thoujjh the resultiiif? precipitate may simulate a comiaumd t4* the 
extent that it may l>e peptised without chan«:e undei cert^iin 
conditions. 

While the theory of peptisatum and pn^ ipitatioii. as outlined, 
accounts siitisfactorily for mo.st ot the facts, there an- cerhiin 
points which are not covertnl hy it at pivsent. A mixture of the 
two water-peptisahle colloids, ^datinc and pnm arahic, is sjiid to 
behave exactly like ca.scin.'-”’ Fmlcr certain conditioii.s (fclatine 
and tannin form an insoluble or non-|H‘ptisahle mixture;''' hut 
we do not know why. The case of chrome taniiinfr w not ditKcult 
because the chromic oxide would not nornmlly he {mptised under 
the conditions of the experiment, and it has been shown that 
there is no necessary chanf^e in the gelatine. ** We also cannot 
ai^ount at present for the stability or instahilitv of metal sols in 
different organic liquids; in this case as welf a.s in the other 
two, the trouble is in our igiummce of the facts and not in any 
short<ft)mings of the theory. 

KMULSIONS. 

By E. Hatschek, Sir John Cass 7Whnical Institute, 

The term Emulsion is used in the following to denote a dis|)erse 
system both phases of which, considerefl in hulk and at ordinary 
temperature, are liquid. The qualifying clause, although not 
generally stated in sneh explicit terns, seems desirable as. on one 
hand, the distinction Iwtween liquid and solid becomes somewhat 
vague with particles approaching ultra-inicroscopic dimensions, 
while, on the other, the same system, e.tj. rosin in water, may Ive a 
suspension at lower and an emulsion at higher temperature. 

One characteristic of emnlsiviis, which distingnishes them sharply 
from systems with solid disperse phase, follows immediately frr»m the 
definition : there is no upper limit to the ratio ; Volume of disperse 
phase/Volume of continnons phase. With soli<l or, better, nndeform- 
able particles of disperse phase there is such a limit (apart from the 
ideal case of space-filling polyhedra of equal size) which, for 
spherical particles of uniform radius, is approximately 74/26. 

It is obvious that, with a liquid or deformable disfierse phase, 
spherical particles in closest contact do not constitute a limiting case, 

•• Tietawskz, KMoidehemit, $, 19H. 33S (1911). 

« Wood, Jimr. Sm. Ind., 29, 3S4 (I90S). 

Von Sehroeder, Xur KeHetnxaa d«M Gerheprm«»»e$. 

Levtteo. Zeit. XMoidehemUf, Q, 4 (1911). 

** Lnmikre and Soyewets, BmU, doc. Chim., P*ris*(S> 29t 1077 (1908). 
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as — at least theoretically — a farther increase in the relative volume 
of (liB|>erse pliiise can lead to iiattenini; at the points of contact of 
contiguous spheres and eventually to a polyhedral structure of the 
system. A limit is only reached when the thin films of continuous 
phase which separate the p<jlyheilra of disjierse phase are no longer 
capiible of cohering. The practical possibility of such systems is 
demonstrahHi by some «)f S. U. Pickering’s emulsions with up to 
91) per cent, of disperse phase. The complete conditions for the 
stabilit}' of such films will he discussed further on. but it can be 
said at once tiiat a low inter-facial tension is, if possibly not sufficient, 
certainly nec< s8ary. 

Conversely, emulsions with a very low content of disperse phase, 
in which the particles are small and sejiarated by layers c)f continuous 
phase of some thickness compared with the extent of interface, are 
possible and moderately stable even when the interfacial tension is 
high, viz. of the order of to 40 dyne/cm. Such emulsions may be 
produced by agitation, by distilling the two phases together, or by 
‘precipitating ’an alcohol or acetone solution of the disperse phase with 
a large excess of water. The properties of such emulsions with a 
disperse phase consisting of mineral oils, aniline, nitrobenzene, oleic 
acid or castor oil, amounting to one part in a thousand, or less, of the 
total volume, are throughout those of fine suspensions or of SQ8pen> 
soids. The (negative) electric charge is of the same order as on 
saspensoid particles (Lewis) ; is similarly affected by hydrogen and 
hydroxyl ions (Ellis) ; the maximum concentrations at which the 
emulsions are stable are of the same order as for suspensoid sols 
(Lewis), and the phases may be separated by filtration through 
suitable septa under considerable pressure (Hatschek). The effect 
of interfacial tension is altogether subordinate to that of the electric 
factors. 

Emulsions containing larger percentages of disperse phase thah 
those mentioned, in particles of microscopic or approaching micro- 
scopic size, are stable, or in fact anything mure thsm transient, only 
when the interfacial tension between the phases is low, as has already 
been mentionel. In the emulsions occurring in nature, such as 
milk or latex, this is generally brought about by the protein content 
of the continuous phase, while in the emulsions prepared artificially 
the agent which lowers the interfacial tension is very generally a 
soap. The stability of such emulsions is, however, again dependent 
on the phase ratio and is generally not complete unless this approaches 
the figure corresponding to closest packing. Thus, if oil and a dilate 
soap solution are shaken until the whole of the oil is dispersed, the 
resulting emnlsion separates into a layer of soap solution containing 
only a very small fraction of oil and a ‘ cream * containing 75 per 
cent., or more, of oil ; the latter is stable, provided the walls of the 
containing vessel are wetted only by the continuous phase and no 
oil in bulk is in contact with the cream. The rate of separation 
depends natnmlly on the difference in density of the phases, the 
viscosity of the continuous phase and the degree of dispersion : it is 
obvious, although the case has chiefly a theoretical interest, that a 
system stable in all ratios is conceivable if both phases have the 
same density, e.g. castor oil in water wdth a little alcohol. 
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Th*' eonnoctiou bctwocn low int»'rt’;icial ii'usiou ainl <'inul«iticati()ii 
was first insistoil on by Quincke, but tin' iirin(i|'!tl 'iiiantitalivo 
investigations arc tiiu* to Oonnan. 'I'bcy comprise < spcrifiicnts 
carrie«l ont witli the ilrop pipette on the «‘mulsitic.iiioti ol olyceriiles 
in alkali solution, wliicli siiow, in airreement witii tpmncl •>, that fr*'e 
fattv acitl, /.c. tiie possibility i>r soap formation at the iicerface, is a 
necesstiry comruiou if emulsification is to take place; ilet 'rminations 
of the drop numbers for byilrocarbon oils disebareed in' > solutions 
of salt of the fatty acids, and expt'riments in which the h>drocarbon 
oil was disperseil in these solutions by shakiiiir under sfrie ly defined 
conditions. The two last series oive concorilant r«’sult,s and show 
that the first stilt of the fatty acitl series to exert an appreciaide 
emulsifying action is the one which shows the first marked reduction 
of surface tension, viz. that of lauric acid. lionnan also finds that 
there is an optimum concentration of soap, and explains it as due t(» 
the balance between the reduction of ititerfacial tension, which 
promotes, and the electrolyte effect, which counteracts, dispersion. 

A similar result, viz. that increase of soap concentration beyond 
a certain limit was detrimental to emulsification, hail l>een obtained 
by S. U. Pickering. According to him the optimum concentration 
depends both on the phase ratio and on the siwolute volnmes of the 
phases, so that no simple explanation appears to offer itsidf. The 
same anthor also gives a number of experiments in which the oinnU 
sifying agent is not in solution — either true or ciilloidal — hnt a 
precipitate such as ‘ basic iron, copper or nicktd sulphate,’ I'.c. the 
precipitates formed by adding lime water to the rcsiHHjtive sulphates. 
If water containing one of these substances is iigiUiied with oil — 
more particularly mineral hyilrocarbons of 25(r to hoiIing }>oint 
and about 0-<S5 sp. gr. — the oil is comphdely emulsified. After an 
examination of various finely divided solitls which show only a 
transient effect or none at all, Pickering comes to th»* conclusion that 
the chief factor in the formation of stable emulsion.s of oil as disp^'rse 
phase in water is the existence of a lay-r of small solid, non- 
crystalline jKirticleS which are more rti.-iUy aette'l hy irater than luf 
ail (the italics are mine, K. II.) at the inb-rface. 

While Pickering thn.s concludes that a low intcrfaoial tension is 
not the principal, or in fact a necesssiry, condition of emul.sitication, 
the discrepancy between the tvvo .dews is probably only apparent, at 
any rate if the ‘solid’ state of the particles in the interfacial layer is 
not insisted upon. If low tension is not the direct agent it is never- 
theless active indirectly in bringing about— -in such solutions as alone 
come into question — the formation of absorption films having some 
of tbe properties po.stul.ated. On the other hand, the substances used 
by Pickering would obviou.sly not .'icciimuiate at the interface (more 
strictly on the water side of it) unless this arrangement l<‘d to a 
lowering of the interfacial tension. 

That a film or membrane covering the whole of the iutc'rface is 
a necessary condition of stability in emulsions is the conclusion 
prononneed Vjy W, D. Bancroft after a most exhaustive review of the 
available material. The relative solubility of this film in the two 
phases, or the difference in interfacial tensions between them and 
the film, determines the nature of the emulsion, i.e. which of the 
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two pliuBi'K, ill uriviMi conditiotiH, will 1 m^ the disperse and which the 
contiuiioiis jihiisi*. 

These view,- derive Htroiig coiifiriiiation from a series of experi* 
iiients l»y (». 11. A. Clowes. He prejiares an emulsion with oil as 
lUsperse phase by shakinj' olive oil with a dilute solution of NaOH 
in water. If a (juaiitity of (’a('la slightly in excess of the equivalent 
of the NaOlI i,- added to this emulsion, it transforms itself sponta- 
neously into one haviiiir water as disperse and oil as continuous 
phase. This eaii be re-eonv«Tted into the oriffinal emulsion by 
adding NaOH until the original OH' concentration is restored. 
Magnesium, irmi, and aluminium have an effect similar to that of 
calcium. Siiwe the oleates of these metals are much more soluble in 
oil than in water, their formation would cause a considerable reduc- 
tion in the imorfacial tension between the him and the oil phase, so 
that the him would tend to become convex towards the oil and 
concave towards the aipieous phase, i.e. oil would become the con- 
tinuous phase ami water the disjierse. The whole process is an 
actual reversal and is therefore sharply distinguished from such 
phenomena :is the separation of emulsions into two (no longer 
disperse) phase by the addition of electrolytes or of snbstanc^ which 
decompose the material of the interfacial film. 

Evidence similar, and complementary, to that afforded by Glowes*s 
experiments is provided by an investigation by A. U. M. Schlaepfer, 
the object of which w’as to produce emulsions of water dispersed in 
oil by using a finely divided substance more completely wetted by 
oil than by water ; soot accomplished the desired result. 

Earlier exjieriments by' Walter Ostwald, made with the intention 
of determining the typo of emulsion which would result from the 
agitation of oil with water only, show’ed that either type w'as possible 
and that the lesult tlependcd largely upon secondary factors, such as 
the state of the containing vessel and its previous wetting by one or 
the other jihasc. C'onclusions drawn by this author regarding the 
limiting phase ratio have been proved incorrect both theoretically and 
experimentally. Donnan also found that the state of the vessel intro- 
duceil considerable experimental complications. Although the method 
used by these and other authors — viz. agitation of the total volumes of 
both phases — is perhaps as good as any other arbitrary method, it 
ueitlier correspomls to the probable process of formation of natural 
emulsions nor to the technical methods ado]>ted for the production of 
stable emulsions, in which the gradual addition of the disperse phase 
during, and jniri jmitxu with, the process of dispersion is generally 
considered an essential condition of success. 

The theoretical interest of emulsions is considerable and is likely 
to become even greater. Viewed as disperse systems of two liquid 
]>hast's they are the only ones in which the ]>hase ratio is accurately 
known and therefore sjK’cially adapted for studying the physical 
properties, e,(/. the viscosity of such systems. They have also 
acquired very great importance in biology in view of some modem 
hypotheses on the constitution of protoplasm, the possible existence 
of lipoid films and cognate phenomena, such as the action of 
‘ antagonistic ' ions and of anassthetics. While at present the con- 
clusions respecting such complicated problems drawn from the study 
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of comparatively simple ami coarse systems may perliap-^ conslitate 
a theoretical editice somewhat «lisproi,H»rtio!uitely lar^o f>»r its alight 
experimental foumlation, there can be no doubt that the trt'ml of 
research is in the right direction. 

Technically also emulsitmsareof c«*nsitlerul)le iiiiporiaiice. 'I hey 
are employed — speaking, of course, very generally — where it is 
necessary to administer or exhibit a litpiid in a varying,' ilegree «)f 
dilation, while the ordinary solvents for it are inadmissible on 
economical, technical, or physiological grourtds. In such i-ases, or in 
a great number of them, the active liquid may tie used .ts disperse 
phase of an eiuulston, the continuous pha.se of wliicli is s<: 'elected as 
to be indifferent ; in addition it must wet, or Ik* abhorbetl by, 
the surfaces to which the emulsion is eventually applied. Kxamples 
are: the medicinal emulsions of such liquids as cod-li\cr oil or 
petroleum (in which further desirable ingredients like malt extract, 
hypophosphites, &c.. may be in solution in the aqueous phase); 
emnlsions of cresols ami other substances for use as antiseptic and 
anti-parasitic preparations : fat solvents such as c^irbun tetrachloride 
emulsified with 'monopol* soap (obtained by saponifying sul* 
phonated castor oil) ; emnlsions of fats in a great variety of menstrua 
and used as leather * foods * and dressings, Ac. The preparation of 
sneh emulsions is of coarse generally a trade secret ; as regards the 
emulsifying agent, this is, however, very generally a soap in ail 
technic^ly used emulsions. « 

Emnlsions occur in indostrial processes as undesirable by-products, 
such as very persistent emulsions of mineral oils or of wool-fat in 
the course of refining ; the ct<m!eniS‘ waU'r from reciprocating 
engines, which contains the oil used in the lubrication of slide valves 
and cylinders and is a very perfect type of the stable oil-water 
emulsion, Ac. In all these cases the means of pr<.*venting the forma- 
tion of an emnlsion, or of separating it when formed, can bede<luce«l 
from the theoretical considerations set forth above, although unfortu- 
nately their practical ap]>Iication is in many cases somewhat difficult. 

BlItl.IOORAPIIY, 
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Wm. C. McC. Lkwis^ The j^ize and electric charge of oil jwirtiolesi in oit-watar 
emnlidona, * KolL-Zeitechr.\ 4r 

Size and charge in highly diiiperee and dilate oil-water emultilonii are of the 
tame order a^i in ftaz{)ensoid Holri. 

Wm. C. McO. Lewis, The surface tension of colloid and emiilsotd parttclen and 
ita dependence on the limit size of the latter, * Koll.-^itschr', 5, 91, 

T. Brailspoed IloBERTsnjtf, Notes on some factors which determine the 
constitotion of oil-water emnlsions, ^ KolL-Zeitsohr/, 7. 7, 19!(>. 

Walter Ostwalo, Contribntions to the knowle<lge of emulsions. * Koll • 
Z 0 itfebr.\ ft 103, 1910. 

Ejtperititenta to determine which of two coostituenta will form the dtsperaa 
pbaaa under definite conditions of agitation, etc. The conclusion that oloaeat 
pacJclng of spliarea constitutes a limiting phase ratio, pronounced by the author, is 
untenable. 

B. U. FiCKRRiRO, Do emulsions, * Koll>S!<«itschr.*, 7^ IL 1^10. 

Highly concentrated emublonsof mineral oil in soap solution (up to 99 per cant, 
diaperae phaaa) ; emnistfication by aoUd particles. 

E. Hatschric, The direct separation of emulsions by filtration and ultra* 
filtration, * J. Boo. Cham, Ind.^, 29t 1910. 

E. Hathokrx, The filtration of emulsions and the deformation of etiiuls»fied 
partioles under pressure, ^ Koll.-Zeitschr/, 7, 81, 1910. 
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Mttthematiciit and rx|M*riini*rdiil demon^tratiun of the high rigidity of small 
liquid particles. 

F. (i. Donna N and If. E. Pott«, On the ernulRification of hydrocarbon oils by 
uqueouH Holutions of fatty acid salts. * KolI.-ZeitHchr/, 9* 208, 1911. 

Ex|»eriinetit>< showing parallelisiu hcdween the emulsifying effect of fatty acid 
halts and decreu, e in surface tension of their solutions. 

E. llATscitKK, The stability of oil- water emulsions, ‘ Koll.-Zeitsohr.*, 9» 1911, 

E. Ouosi’Mt rK. The stability of emulsions of water in hydrocarbon oils, ‘ Koll.* 
Zeitschr \ 9» 2.") 7. 1911. 

UiPSDAi.K Kj.ijb, The properties of oil-water emulsions, * Zeitschr. phys. 
(’hem.* ; I. The i lectric charge. 78* ‘^21, 1912 ; II. The stability and sixe of the 
particles^ 3Q, 1912. 

A very coinpleuj experimental investigation showing similarity between oil- 
water ♦Miiulsioiis and suspensoid sols. 

WiLDKii 1) IfANritOKT, The theory of emulsification, * J. phys. chero.’ ; I. 16> 
177: 11.16 315 : 111.16.475; IV. 16, 739, 1912 ; V. 17, 601, 1913. 

A very complete critical review of the whole literature, summarised in the 
cofitduhion qiHiie<l alKiVe. 

G, A. H. rj.owKh, On reversible emulsions and the rolf* played by electrolytes in 
determining the e<juilibrium of aqueous oil systems. ‘ Proc. Soc. for Exp. Biol, and 

; 11, 1. 1913. 

U. A. H. Clowkh, The action of electrolytes in the formation and inversion of 
oil-water systems, with some biological applications. 

This paper, like the preceding one, describes experiments with emulaimis 
obtained by dispersing olive oil in dilate NaOH solution. By adding GaC4 io 
excess of the alkali they are spontaneously transformed into emulsions having 
water as disperse phase, which can be re-transformed into the first type by adding 
NaOH in excess. 

M. II. FiHcnv.tt and M. 0. Uookeu. On the formation and decay of emulsions, 
‘ KoU.-Zeitsohr.’ ; 18, 129, 1916. 

A. U. M. SOHLAKPKEB, Wator-in-oil emulsions, M. Chem. Soc.\ 113t 322, 1918. 

The author, following Pickering, concludes that a finely divided solid more 
easily wetted by oil than by water should be capable of prodneing emulsions with 
water as disperse phase and proves hts conclusion ex|ierimentally by using soot as 
emulsifying agent. 

THE LIESEOANG PHENOMENON. 

By K. Hatschek, Sir John Cass Technical Institute^ London. 

This phenomenon wan ob 8 erve(i by its discoverer, after whom it 
18 cjilled, when carryinijr out the following experiment in the course 
of Home n‘HearcheH on Golgi’s method of stiiining animal tissues with 
silver chromate : 

A glass plate is coated with 5 per cent, gelatin gel containing a 
small amount of potassium bichromate. A drop of strong silver 
nitrate solution is then placed on the gel and immediately beginato 
diffuse into the latter. The silver nitrate of course reacts with 
the bichromate in the gel, the products of reliction being silver 
bichromate and potassium nitrate* Although there is thus a con- 
tinous supply of both components, the insoluble silver salt is, 
however, not deposited in a continuous zone round the i)eriph 6 ry 
of the original drop, but in a series of conr^ntric rinys^ separated 
by apparently clear zones^ the width of which increases with the 
distance from the centre. 

The importance of the phenomenon was immediately perceived 
by R. E* Liesegang, who made it the subject of a very large 
numb( 3 r of experiments of great ingenuity, and who first suggest^ 
that it supplied the simplest explanation of the formation of a 
natural product, viz., of banded agates. It may be as well to 
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anticipate soinewiiut ami t«> imlicato at «li«' na-’toifl tor 

attaching imiHM'tanco to wljut at first sis'ht may upi>»*ar <"ily a 
cnrions labonitory experiim'iit. A lari^f number of ^iratilied 
structures occur both in organic ami inorganic nainrc, tin- ■•xplana. 
tion of which has so far generally involve.! one or mot - ol the 
following aMSumptions : a peritulic supply of eitln-r or both 
components of a reaction ; a |H*rioiic supply of a catalyst, ai livating 
or inhibiting agent; or, hnally, a ju-rioite external ;igem > , such 
as, c.^., variations of mean temperature, i'he biesegatig pln-iio n»-noi;, 
on the other huml, is proof that periotlie structiire.s may appear 
where all factors which can possibly exert any intlueiice are 
constant. Where it is a[>plicahle as the Ixisis of explanation it 
therefore leads to that economy of assumptions which is the 
desideratum of every hypothesis. 

The conditions of the experiment have been varied by Liesegang 
and snbseqnent observers. The gel containing one com})Ottent may 
be allowed to set in a test tube and the solution of the other poured 
on top. Or the gel may till the bend of a U-iulx* ami two solutions 
may diffuse into it in opposite directions from the limbs. Finally, 
bodies of gel containing one comjHment may b«* submergtui in 
solutions of the other. The results are sub.stantially the sstme in alt 
cases, although a given reaction may not produce them in an equally 
marked manner with every arrangement. 

The phenomenon has also been studied in gels other than gelatin 
such as agar and silicic acid, ami t-vt-n in pormis media of very much 
coarser structure than gels. The nature of the g«.d. and to a much 
slighter degree its concentration, ;ire now fully pro\ed to luive a 
marked specitic influence on the re.sult with any given reliction. 
Thus, the reaction between silver nitrate and piuassitim bichnunate 
leads to stratifications in gelatin, but m>t in agar, while on the other 
hand the reaction between leail nitnite and potassuim chromate 
produces them in agar, but not in gelatin, while neither of the two 
leads to a stratified deposit if it takes place in silicic acid gel. A 
great numl>er of reactions have als<i been inve.stigiited, some in all 
three gels and over wide rang*‘.s «>f concentnitions, and wrll marked 
stratifications have been «»btaincd particularly with the following 
precipitates; lead iodide ami lead chromate in agar, lead carbonate 
in agar and in silicic acid, phosphates of the heavy metals in various 
ge/s, sulphides in various gels and in s:trid, Ac. 

Certain reactions, within wide limits of (-oncentnition. do not 
prwluce stratifications in certain gels. It has. however, been shown 
by Liesegang and by Hatschek — and the point is again of importance 
for the explanation of natural structures — that they can nevertheless 
be obtained as psendo-morphoses after an intermediate proiluot of 
reaction. Thus Liesegang places a drop of silver nitrate solution on 
a gelatin film containing sodium chloride ; the resulting silver 
chloride forms only a continuous band. If a small fragment of 
potassium bichromate is placed some distance from the edge of the 
drop of silver nitrate, the usual silver chromate strata are formed 
round it when the silver salt has diffused so far, but are promptly 
transformed ihto silver chloride. The final result is stratifications of 
silver chloride round the site of the bichromate, althongh such 
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<’!inin>t h<‘ ]iroilu(;<‘<l <lirfctly. I»y a Hlitfhtly <iifferent procedure 
IlatHcljok obiaiiiH nirata of load chromate in gelatin, also as pseudo- 
niorplios<'K after silver ehroniale, altlirnit'li the reaction between lead 
nitrate and jiotassiuin chromate in ftelatin leads only to a continuous 
band of lead (diromate in the ordinary way. 

Mi»-roHe<.|iie observatimi of the strati lications, both while in 
course of formation and after comjiletion of the reactions, have been 
made b\ l-ieseeaiif' himsedf and by later inA’estigators. Only in a 
few reactions — of whudi the original silver chromate one is the best 
example— arc the ‘ clear ’ spaces between the rings practically free 
from the inMolnble compound ; in most cases the rings contain a 
large number of small, and the clear spaces a small number of large, 
crystals or crystalline aggregates, A striking macroscopic illustration 
is afforded by cadmium sulphide in silicic acid gel, which exhibits 
no clear spaces at all, but a continuous succession of alternately 
yellow and pink bands. As is well known, the two shades are due 
to the difference in the size of the particlesand both maybe obtain^ 
by precipitating atpieous solutions of different concentrations. It is 
an open question whether, in many cases, the actual amount of 
reaction prwluct in equal volumes of ring and clear space is not 
approximately the same. 

As regards the theory of the phenomenon, the first explanation 
of the origin of periodic deposits was given by Wilhelm Ostwald. 
It is based on the assumption of ‘metaetable’ supersaturation, and is, 
in fact, the principal experimental evidence adduced by him for the 
existence of solution.s in that condition. According to him, silver 
chromate is formed as the silver nitrate diffuses into the bichromate- 
gelatin, but at first remains in supersaturated solution nntil the limit 
of metastability is reached. When this hapjiens, the silver chromate 
is precipitated ami ‘ on the precipitate thus formed the silver 
chromate, in rf'xpo t of irhifh the ricinifj/ <f the ring is supersaturated 
(the italics are mine, E. H.) is deposited and reinforces it ; this 
continues nntil the soluble chromate removed from the vicinity has 
gone into the precipitate.’ 

II. liechhold, while generally accepting this theory, has shown 
that it is at least incomplete by demonstrating conclusively that the 
phenomenon is profoundly affected by factors which it fails to take 
into account, such as the. solubility of the precipitate in the second 
reaction product, e.g.^ the solubility of silver chromate in ammonium 
nitrate, ammonium bichromate having been employed in his 
exiieriments. 

R. E. Liespgang also realised that the experitnentum r?'ucis would 
be the failure to produce a second ring system in a layer of gelatin 
already containing one, since the crystals forming the latter should 
obviously prevent supersaturatitm anywhere in their vicinity. He 
nevertheless succeeded in obtaining such a .secondary system, but 
found that it was formed at a level below that of the primary 
stratifications. This restilt satisfied him that the experiment did not 
refute the snpersaturation theory, a conclusion which it is difficult to 
accept. There is no obvious reason why a deposit of silver chromate 
which ex hypoUiesi (see the italicised passage in the quotation from 
Ostwald) prevents snpersaturation radiall;^ over some distance 
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amoanting to tuillitnetros, should not do so eqiiully ut riyhi angles to 
that diroctiuii, vix., into the depth of the layer of gelatin. 

E. Hatschek carried «iut experiinenta of a inon" direct <di iracter in 
the test tube, (.'rystalline lead iodide was Bu.spended in agar contain- 
ing also potassium iodide. Wlnm lea<l nitrate .solution wa-' alloweil, 
to diffuse into this gel, the usual, very perfect strjitilications of lead 
iodide were formed, although crystalline nuclei were diss< ininaled 
through the gel and should have made BU]>ersitturation itnpo.‘*sil)le. 

R. E. Liesegang does not consider that this resuU is incompatible 
with the supersaturation theory and suggests that tin* ‘radius of 
action’ of the nuclei is too small to prevent the formation of strata 
which, with the particular reaction, occur at very small distances 
from ea^ other. ^ Without going into any sivecnlations regarding the 
meohanism of this action, it can be said a priori that ILies^iang’s 
objection, if|;TaIid, wonld be equally fa^ to Ostwald’s theory 
itself. 

The T^son suggested by Liesegang to prove his own experiment 
inconclusive is, finally, eliminated in a somewhat similar ex{>eriment 
by L. J. de Whalley (pnblishetl by E. Matschek). He obtained a 
second system of stratifications of lead chromate in agar, which 
already containeil a very fine system of strata of the same compound, 
in a Uit tnhe. As the reacting solutions in this arrangement must 
inevitably pass through, and meet in the vicinity of, existing strata, 
the case is different from that of the flat layer used by Liesegang, and 
appears to leave no escape from the conclusion that supersaturation 
was prevented throughout the formation of tlie seconti system of 
strata. 

An alternative theory of perio«iic precipitation has been advanced 
by S. C. Hradford and supported by some experitnental evidence, the 
most striking of which consists of photographs of preparations in 
strongly coloured solutions, such as the alkali chromates. Acconiing 
to him, one of the reacting solutes is adsorbed by the layer of 
precipitate, the result being a zone practically fre«‘ fr<»m if. so that 
the clear space between the strata is at once accounted for. Consider- 
ing the uncertain an<l conflicting results of adsorption exp-riinents 
with solutions of electrolytes, it would be desirable to support what 
is undoubtedly an attractive suggestion by direct evidence — which 
Bradford 8f> far has not «>btained — that the solutes in tjue.stion are 
actually adsorbed by the appropriate precipitates, c.r/.. that potassium 
chromate is really adsorbed by lead chromate, or potassium sulphides 
by lead sulphide. 

Apu^t from the difliculties alretidy set forth, any theory must be 
pronounced inadequate which leaves — as do lw>th Ostw'ald’s and 
Bradford’s — the gel out of account altogether. There is an abun- 
dance of material to show that the stime reactiem, if carried out in 
different gels, leads to entirely different results, in other words, that 
the gel has a Sfibcific effect and do«*s not merely act as an indifferent 
medium which prevents mixing or currents. In this connection a 
suggestion made by H. Freundlich incidentally in a paper on 
another subject is of interest : that the formation of periodic strata 
may be an instance of the coagulation by electrolytes of a snspensoid 
■ol. While at first sight the distinction between a sol of, say, silver 



<)V (’<H M)l 1» CIIKMISTUV \NI) ITS I.N'ni'STHIAK M’rMf’ \T10XS. 25 


ohruinutc hikI u ‘ inetuHtubIc HuiHTHatii rated Holiition’ of the same 
substance nia\ (apart from the fact that we know hardly anything 
detiniti' about (he latter type of systems) seem rather subtle, further 
consideration shows that the former assumption immediately 
explains the si)ecilic idfect of the gel. If electrolyte coagulation is 
tlio deciding factor, the protective effect of the gel must play an 
important part in promoting or inhibiting the formation of strata, 
and Boim? Hindi effect is easily traced in the comparative material 
collected principally by K. Hatschek. The consistent differences in 
the results obtained in gelatin, agar, and silicic acid gels point in this 
direction, as the protective effects of the three substances are widely 
different : taking Zsigmondy’s ‘ gold figures ’ as measuring this 
property, the protective effect of gelatin and agar is rwipectively 100 
and 2, while that of silicic acid is negligible. These facta, of course, 
form merely the starting-point for a theory of the Idesegang pheno- 
menon, and a very large amount of work would still be required to 
show its general validity. 

The l^k of a general theory of the formation of the Lies^^ng 
stratifications iloes not, of course, preclude suggesting a similar origin 
of stratifieil structures in nature or attempts to reproduce such 
experimentally. Liesegang led the way by explaining the bands in 
agate in this fashion, i.e., by diffusion of iron salts into the 
gelatinous silica from which the stone probably originates, in 
preference to the earlier assumption of alternate deiiosition. Many 
similar suggestions in regard to both geological and histological 
examples are thrown out in his book entitled ‘ Geological Diffusions* 
and in his numerous papers. The importance of the phenomenon 
for liotanical anatomy and histology has been insisted on chiefly by 
E. Kuester. Its possible bearing on the transformation of cartilage 
into bone has been pointed out by H. Bechhold, and experimental 
work on this subject should be very fruitful. K. Hatschek and 
A. Simon have shown that a whole series of apparently disconnected 
peculiarities of gold deposits in quartz can be explaineil by assuming 
the latter to have originally been gelatinous silicic acid, in which the 
reduction of the solutions of gold salts was brought about by one 
of many possible agents. 

In all thes(> directions little more than a beginning has been 
made, and the ex{)crtmental reproilnction and elucidation of natural 
periodic structures should for a long time to come be one of the 
most fruitful fields for applied colloidal chemistry. It seems 
probable that investigation will have to he extended to gels made 
anisotropic by stress, since it is evident that most of the gel-like 
constituents of organisms are in such a condition, at least during 
long periods. 
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ELECTRICAL ENDOSMOSE. I. 
liy T. R. Briggs, Cornell Cniv* rstly, 

1, Electrical Endasmose, Cataphorenis and Allied Phentnnena. 

On pa&sing un electric current through a porous iliaphragm 
immersed in a Ii4|uid, one often nljnerven a flowing <»f the liquid 
through the diaphragm ; this flow in 4'ommonly from tho anode to 
cathode, but may take place in the oppcinite ^lirfrction. This curioun 
phenomenon wfts dencribed first by Kouh.mJ working at Moscow, in 
1808, and to it has been given the name electriral endo$moHe. Retiss, 
who employed clay diaphragms in water, noticed that, as tho current 
forced water through the clay toward the negative pole (cath<Kle), 
there also occurred mignition of suspended clay {nirticles in the 
direction of the positive pole ((he anofle). This migration of 
particles in suspension has come in time to he called mtaphoresis, 
and the term should be limiUMl to this meaning. There has arisen, 
however, a great deal of confusitm regarding the use of the two 
expressions^ elecliHccU endosmose being employed to include 

* Wiedemann, Klektneiidt^ 1, m07 (IM93). 
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(•ata|)li(ireHis,- aixl ('otfiphnrf'nis, on oth(»r occHsionH, btdng made in 
turn fo do doijlde Horvicc.® 

Kli‘(!(rokitieti(! plu'nonnMia in iwo-phase syatems of liquid, and 
Holid may la- analyH<-d int(» four diHlinct procesBOH, of which electrical 
cndoHinoHP and cataphon-His an* the ones commonly met with. So 
far as the electric current is coiicertied, it is possible to distinguish 
two cases, as follows : — 

(11 A (II Oerence of potential aenditxj a current through the syelem 
nuty )iro(lu'c a relative (lispldcemeut o/ the phones. 

(a) If ilie solid is fixed in the form of a porous diaphragm the 
liquid may be force*! through the diaphragm. Electrical endosmose. 

(/>) If the solid is in the form of a suspension and is free to move, 
the solid may migrate through the liquid. Cataphoresis. 

(2) A relative displacement of the phases may produce a difference 
of potential and consequently an electric current may flow through 
the system. 

(a) If the solid is fixed in the form of a porous diaphragm 
through which liquid is forced, a difference of potential and an 
electric current may be established between the extremes of the 
diaphragm. Quincke’s ‘ diaj»hragm current.’ 

(A) If the finely divided solid is dropped through the liquid, a 
difference of potential and a current may be set up between the 
upper and Iowct liquid strata. lUllitzer’s experiments.^ This case 
resembles closely the drop electrode. 

Wiedemann'’ is to be credited with the first quantitative study of 
electrical endosmose, and he was able, as a result, to deduce three 
empirical generaliziitions : 

(1) 'rhe mass of liquid tnnisporfed in unit time through a porous 
diaphragm, is directly proportional to the strength of the electric 
current ; and, for a given diaphragm material and given current 
strength, it is indejtendent of the length and sectional area of the 
diaphragm. 

(2) 'I’lie difference in hydrostatic pressure maintained by electrical 
endosmose betw«‘en the two sides of a i>orous diaphragm, varies 
directly as the current strength, and for a given diaphragm material 
and a given current, is j)roporlional directly to the length and inversely 
to the sectional area of the diaphragm ; it is also proportional to the 
specific resistance ot tUe liquid in the case of an aqueous solution. 

(3) For a given diaphmgm material, the difference in hydrostatic 
pressure maintained between the two sides of a porous diaphragm is 
proportional to the applied potential and is independent of the 
dimensions of the diaphragm. 

Quincke'’’ forced liquiil through an apparatus containing a porous 
diaphragm and found that dilferenoes of potential were produced. 
He measured these differences and the “diaphragm currents” which 

* Cf. Pstentii of Bothn Schwerin (GnsellBchaft f&r Elektroosmcse). ' 

* Cf. Crnw*, Pfiy*. Xoit., 6, 201 (lOO.’i) ; Hittorf ; phyi. ('hem., 39, 613 (1902); 

43' (1903) ; Morton : ('tU aphwfsit (189S). 

* Drudo'a Ann. 11, 937 (1903). Cf. Freundlioli, Kapil larrhnmie, 230 (1909). 

■ Pogg~Ann. 87. 321 (18.>2) ; 99, 177 (1356). 

« P,(gg.-Ann., 107, 1 (1859) ; HQ, 38 (1860). 
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resulted and arrived at the following jroiierali/ation, \\ hit ii may be 
regartled as the converse of \Vie«l?mann’s thini law : 

“When water is forced at a certain rate thnnich a porous 
diaphragm, the ditVorence of potential produced is intb*|ien(l< nt t»f the 
dimensions of the diaphinigm bxit is proportional ilirectly to the 
hydrostatic pressure.” 

The problem was sul>8equently taken up by lielitihoii/.,' who 
developed quatitiiatively and mathemuttcally an hypothesi.s which 
Quincke has previously put forward in a qualitative way. It was 
sn^ested that, under tnost circumstances, solids and liquiils become 
electrically charged when brouglit into contact. The distribution of 
charges is such that the surface of the solid is charged oppositely to 
the more or less mobile layer of liquid next it and with which It is 
in contact. This orientation of charges gives rise to a so-called 
electrical double layer. A potential gradient applied externally 
tends to produce a displacement of the electrically cliarged layer of 
liquid (in case the solid is fixed in the form of a capillary tube or 
diaphiagrtu) and if the liqnid is not a |)erfect insulator, the displace- 
ment results in a continuous fiow'* of liqnid along the surface of the 
solid. 

Freundlich,® following a treatment used by IVrrin"' has develo|»ed 
the following expression for the amount of liqui<l (V,) tntns|M)rted in 
unit time through a porous diaphntgin ; 


q«Kp 


( 1 ) 


In this equation K is the total fall in potential through the 
diaphragm, D and ij are respectively the dielectric constant and the 
viscosity coefficient of the liquid ami t is the potential of the 
Quincke-Helinholtx double layer at the solij-liqiiid interface. Since 
E = RI and R = 1/ -/(j where K is the total resistance, 1 is the 
current strength, 1 and q refer respectively to the length and crossi 
section of the diaphragm, while y i.s the sj>eeilic resistance of the 
liquid, equation (1) may l>e written 
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Since for a given liquid and diaphragm at constant tem)>eratnre, 
IT, I), D and y are constant, V,. is proportional only to the current, 
which flows through the diaphragm and the equation stands in 
agreement with the first of Wiedemann’s empirical laws. If one 
calculates the difference of hydrostatic pressure I*,, protluced by 
electrical endosmose equation (.'!) is the result : 

P, = 2 » ED (.'!). 

where /I is inversely proportional to the eixe of the {M>rcs in the 
diaphragm. D, c, and /I being constant for a given diaphragm and 
liquid at constant temperature, equation (3) is a mathematical state- 
ment of Wiedemann’s third taw." . 


» Wi«d. Ann.. 7, 8S7 (1879) et. ms^i. 

" Cf. Lamb. Phil. Mag., (ft) 26. ft2 (1S88). 

® Kapillarehemut, 225 (19CK>) ; i*f, Brigg’M : Jattr, Phf/s, Chem. 21 (11)17). 
*• Jtmr^ Chim, Phyi,^ 1904. 

»» Ct Qainckc, Pogg Ann,. 113, 513 (IHGl). 
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2. b'h'ctrual Ktidoamose with Pure. Liquids, Coehn's liule. 

Thi> early •■xperiiiientB on floctrical endoBmose taken in conjunc- 
tion with thoht! on the migration of Bimpended particles (cataphoresis) 
made it appear that HolidH were charged negatively in contact with 
water. When turpentine was used instead of water, however, 
Quincke found that conditions were reversed and that such solids as 
(|uartz, shellac, silk, clay, asbestos, porcelain, ivory shavings, animal 
membranes, &c., w’ere electropositive, with the single exception of 
sulphur. Sulphur weakly electronegative against turpentine, against 
water was the most strongly electronegative of all the solids which 
Quincke studied. 

Coehn’’ has considered the question raised by these differences, 
and has proposed the following empirical rule : 

When two non-miacihle substances, one of which is a pure liquid, 
are in contact, the substance with t^ higher dielectric constant is 
positive against the substance with the lower, 

Quincke's data appear intelligible in the light of Coehn’s rule. 
Water and turpentine have dielectric constants of 81 and 5, r^pec> 
tively. Furthermore, the constant in the case of water is one of the 
largest known and wo should expect nearly every substance to be 
electronegative ;igain8t water. In contact with turpentine, however, 
many substances ought to be electropositive, exactly as Quincke 
found was the case exiierimentally. Coehn’s rule appears to hold 
fairly well for pure liquids (although there are some weak points in 
his own evidence)'-'’, but when applied to aqueous solutions, 
especially those containing dissolved electrolytes, the rule fails 
utterly. 

3. Electrical Kudostnose tvith Solutions. Effect of Acids, Bases 
and Salts. 

In all the early experiments, as we have seen in the preceding 
sections, water flowed to the cathode. Not only pure water showed 
this unidirectional tendency, but aqueous solutions appeared to do so 
as well, the only difference being that the rate of flow was less for 
solutions than for the pure solvent.'^ Consequently, after the 
acceptance of the physical theory of the electrical double layer, the 
belief became general that all solids were charged negatively by 
contact either with water or with aqueous solutions. 

Nevertheless, instances'* had been recorded where aqueous 
solutions flowetl to the anode rather than towards the cathode. 
Hittorf" found, for instance, that cadmium chloride solutions flowed 
to the anode through animal membrane but went to the cathode 
through earthenware, and although Perrin is usually credited with 
the first deflnite stafement that “reversals” to the anode were possible 
and could be produced at will by suitable choice of electrolyte in 

•* Wivd. Ann., 64. 227 (1898), Xeit. ElektroehemU-, 16, 686 (1910), 

'* Cf. BriggH. Jour Phy*. ('hem., 21, 204 (1917). 

“ Porrett, Th4m$on’$ Annalt ef PhUo9t>phy, 8, (1816) ; Doniell, Pkil 

Tran*., 1^, 97 (1889^ ; Gcroec, (ompte* rrndM, 89, 303, 348 (1879). 

Wiedemann. KtektrUtat, 2, 163 (1883) ; Gore, Pr,n\ Ray. Sae. 31, 253 (1880) 

"* %rH. Phy*. /hrm. 80 61S (1902) ; 48 239 (1903). 
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Bulution, the point was miUy osfahlishetl witJi rmiarkal U* <'learnesH 
by Parker.*' 

Perrin’s contribution*' to what was still an obscure phenomenon, 
did, however, constitute a creat step forwaril. He lievised an 
apparatus which enabled him to employ many hitV<Tem powdered 
substances in the form of pervious diaphnt^'ms. I'urniiu' his atten- 
tion to the effect of tlissolvt-tl substances and usint: extremely dilute 
solutions (never more concentrated than and tisii.dly about 

N 5d0), he concluded first that fl> rtr>>l i/t' f alotm anion^; solutes 
inflnencetl the course of electrical endosnu'se and that tl^- ions had 
a specific effect. Hydroi,'en and hydroxx 1 ions provi-.i pirticulurly 
active. With a diaphra^tn of insoluble chromic chloride, for evatnple, 
dilute alkalies tloweil to the cath**de whilst dilute acids tloxxed to th«i 
anode — a clear cut reverstil. Similar aciil alkali reversals wi-re found 
with alumina, carborundum, stilphnr. ifelatine, jiraphite, naphthalene, 
etc., although none was td>servvd with cotton wool, glass and 
iodoform. Whenever reversal did ocettr, there w.as :• certain 
hydrogen ion conccntnition at which no flt>w at all tn'ciirred, this 
point corresponding approximately to an istjelectric condition of the 
diaphragm.” 

Since flow to the catho<ie indicated an electron^tative diaphragm, 
whilst flow to the anode pointed to an electropositive one, Perrin 
concluded as follows : — 

‘The electric potential of any surface wbatevbr in ai{ueoas 
solution is invariably increased [made more |iositive or less negative] 
by the addition of a monobasic acid and is invariably lowered 
[made more negative or less positive] by the u<idition of a non- 
acid base.’ 

Perrin considered next a large nnmber of other ions. lie found 
that, excepting hydrogen and hydroxyl, none <»f the common 
nnivalent ions was of much inttnence on eb'ctrical ♦*nib»aiiio»e. 
Polyvalent ions were more active. Briefly, the results may he sum- 
marized in the following statement, sometimes referred to as 
Perrin’s valence rule, which one should compar<- with the Schulze- 
Hardy rule of flocculation : 

Every dinphrngm to Jitromf rhnrgtd jMoativfly in nn arid 

solution and nrgntively in an n/kalinr one. Evmj ion of unlikr 
sign tends to nentrnlize thr r.hurgf> nn the lUuithrmjm and this 
tendency increases rapidly with the t 'llrnrr. 

Perrin’s mJe has been extended to alcoholic solutions by 
Bandonin^’. incompletely to lir(ni<l ammonia by Ascoli*' and bv- 
Guillaume** to the 8f)-called Bostj-Gnillanme phenom^mon. 

Morse and Horn** have ntade nta* of electrical endosmose t»> 
remove air from the pores of |H>rou8 enps, before impregnating the 

o John* Hvpkia* Di»*ertatioH*, 31, 23 (IWJl) ; tif- Jour, Pkyt. f'hrm. 

21 . 335 ( 1917 ). 

’•» Jour. CMm. Phy*. 2, ««»1 (1904). 

•• Cf., however, Bothe an«l ToropcffT, Zoit. Phyt. ('krm, 89- (1915). 

•* Comvlf* rendu*, 138< 3®** (1904). 

« Comple* rendu*, 137, 125,'! (19< 3). 

” lhia.\itn, 63(19f)S) ; Cf. Rrieg* ; Jonr. Phye. ('hem. 21« 2b!J (1917). 

** Amor. C'hem. Jour., SOI (15k>l), 
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lutttM- witli f«rr«icyaiii(l<>. This led Frazer and Holmes®* to 

carry out experiments with an elaborate electro-osmometer, in which 
they noticed liie usual acid-alkali feversals and conclu<led that the 
ell'ect of the i<<nH la^re some relation to thew* migmtion velocities. 
(b>ehn®'’ has .ds<* carried put some interesting electro osmotic 
measurements with a Fukall filter and solutions of OUSO4, 

llNOa, acetic acid, alkali metal sulphates, alkali and heavy metal 
nitrates. 

Barrattauil Harris-'' in some excellent work with diaphragms of 
gelatine, agar and parchment, have confirmed in the main the valence 
rule of Perrin. Their <lata suggest the problem of finding out what 
effect I he salts of Hofmeister’s series would have on endosmose 
througli gelatine and other albumenoids. Recently this question has 
been investigated by Hethe and Toropoff®' and although the data are 
incomplete, there is reason to believe that the lyotrope series really 
does play an important part. 

An elaborate stuily of electric endosmose in neutral solutions has 
been completed by EliBsafoff®** in Freundlich’s laboratory. The pro- 
cedure was based on Lemstrum’s®^ method of measuring endosmetic 
movements in a single capillary without the direct application of 
electrodes. Elissafoff’s data show that Perrin’s valence rule holds only 
to a limited extent. So far as the alkali metal and alkaline earth metal 
cations are concerned the valency rule holds satisfactorily,*® but fails 
in the case of h'eavy metal and organic cations. For example, certain 
univalent organic cations appeared quite as effective in neutralizing 
the charge (see the second part of Perrin’s rule) on negative glass or 
quartz as did the divalent light metal cations. Silver as ion belonged 
to the divalent metals ; mercuric chloride was as effective as 
aluminum sulphate and far more so than chlorides of the divalent 
alkaline earths. That the anion is also active Vkas demonstrated by 
experiments with potassium benzoate and sodium picrate, these 
anions restraining the tendency of the potassium or sodium to 
neutralize the negative charge on the walls of the capillary. 

No reversal by acids was observevi, but the strength of the 
solutions employed was never greater than one ten-thousandth 
normal. With certain salts, however, reversals were obtained. 
Against solutions of thorium nitrate of sufficiently high concentra- 
tion tlie glass or quartz became electropositive and a similar reversal 
occurred with solutions of methyl violet, a basic dye. One should 
comjiare this with what Largnier des Bancels** found with wool and 
basis dyes, where the latter showed a striking tendency to make the 
wool positive. 

** Am4^r, Jour.^ 40 , 319 (1908) ; H. N. HolmeB, Dlueriaiion (^Johns 

Uopkinj!^ 1907). 

** Zeit, Elrktrochemir^ 10, 588 (1910). 

ZeiU Klrktrochvmu\ 18, 221 (1912) ; J^iorh^mical Jour., 0, 315 (1912). 

Lor, rit, 

w ZeU. P/iy 0 , Chrnt., 79, 385 (1912). 

» Drndr* Ann,, 5 , 729 ( 1901 ). 

^ Frenndlich and ElissafofP have employed electro-osmosis to estimate the 
valency of radium. The results agree witn the assumption that radium is a 
divalent metal belonging to the alkaline earth group. Zrit,, 14, 1053 (1913). 

« Cimiidrit rrndun, 149, 316 (1909). 
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4. Thettrifs i»/ Kln'ti'it'itl /•JutfosntiKii'. Oontuft Kh' trifu itton and 
Adaorfdion. 

Wiedemann believed that th«' electric currt'Ot t'xertcd a tractive 
action upon the liquitl in a capillary tube and that tin* Inpiid wan 
carried thus from am»dc to cathoilt*. rcjjardlcsM ot the .■iiibatance 
composing the walla. In t>ppO!jitlon to this view, (irahatn, ■ Quinturt 
Icilins ami Breda and l.oiremaim,*' showed etnu'lu.si'ely that no 
transport of liquid occurred unless a diaphraj^m or its t qiii valent 
were present. As 1 i>bserved in the earlier pai,'es of ihi.s paper, we 
owe to Quincke and to llelmholt/. the «‘le«*trical ilotible la\. r theory 
of contact electrification. Tin* t’oehn rule is an interesiim.' d«*velop- 
ment of this theory. But bt)tli Quincke and llelmholt/. 4*entributed 
little to further our utulersiandinir of why and how an • lecirieal 
doable layer or its equivalent may be formetl when mditl and liquid 
are placed in contact. 

For the special cast* of a metal in eontaet with if.*- env «> ions in 
solation the Nernst theory holds. It is only natund-ihat then* 
should have been prf>posed an .inaloj'oiis •■xplanation of the contact 
|M>tentials of mm-mctallic solids. Kvery solid di^solvo.s in uater to a 
certain extent ami tlie electrieal diuible lay<*r miclii be siipposetl to 
l)e prCKluoed by <litTerenees in the rates of ion dilTusiou -if the 
cation diffuseil faster, a separation of ebark'*-,-* would tend to occur 
and the solhl (or liquid imme<liately in eontaet with the solid) 
would become negative. Bredij; ‘ has ui'en vauue expre.ssion to 
this idea by observing that the ('«H.*hn rule points to some relation 
between the solubility of ions in different media and tin* dielei'trie 
constant. 

As a matter of fact, the explanation ontlineil a)>ove cannot Im) the 
eoireet one for the case of a solid immersed in a pure liquid, unlosa 
one poetulates that the liquid remains nnsatnrated with respect to 
the eolid or that fresh liquid is being supplied constantly. The 
electrical charge does not disappear when the liquid is saturated with 
the particular solid, although its sign and intensity may changct 
while the potential difference at the liquid interface in a concentration 
cell exists only so long as a difference in concentration is maintained. 
Ko permanent potential difference can posdbly be prodneed as the 
reenlt of unequal ion mobilities. i*enin has offerer! an explanation 
of his acid-alkali rule by postulating that, since hydn^en and 
hydroxyl ions are abnormally mobile, they are correspondingly small, 
and are able thereby to crowd to the surface of a solid more closely 
than the other ions. This might account for the solid being positive 
in acid and negative in alkaline solutions. I’errin a as unable, 
neverthelMS, to reconcile his theory with all the facts, for he 
observed thit lithium bromide failed to charge a chromic chloride 
dUtpbragm negatively although bromine ions are twice as mobile as 
iltbiam tone. 

ha* anggeatod for the particular case, of glass against 
water that the solid la esaeniially a hydrogen electrode, and that the 


141 ( 1444 ). 


pi. Cktm„ 6?- 414 (ISOS). 
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niu^nhude of tUo potential dilTerenco dopomls upon the concentration 
of hydroi^en ions in solution. (Julded by Haber’s theory, Cameron 
and Oetting'or’'' perforni«*d some rather inconclusive experim<mt8 on 
the potential pfoduced by acid and alkaline solutions forced through 
a capillary of ghiss. Haber’s theory, as Freundlich points out, is 
open to the ►^<*rious objection that eiectricsil endosmose does not 
«lepond entirely upon hydrolysis of the dissolved solute, as it should 
do if the concHutratioii of hydrogen ions is the only factor. Acidity 
and alkalinity, while of very great influence*, are not the only factor 
Jetoruiining electro-osmotic e/fects. 

Frenndlieb was th<! first to point out clearly the intimate 
relations <‘xisiing Ix'tweiui adsorption and electrical endosmose. 
This developnient may be said to be the result of his own work on 
adsorption an>l the spe<!ulatiou of Perrin*’' regarding the analogies 
between the behaviour of suspensions an<i the peculiarities of 
electrical emlosmose, Freundlich went still further than Perrin. 
He had aln'ady shown the relatiftn betw»*en adsorption and the 
stability of suspensions and ha«l p<jinted out the validity of the 
Schulz*' valence rule for adsorbed light-metal caticus and the 
ordinary anions. H** had discovtu-ed, too, tliat many organic ions as 
well as the heavy metal cations w'ere exce])lions to the .‘■'chulze rule. 
He was able, as a result, to emphasize the similarity between the 
Schulze rule and the valence rule of Perrin, and, froifi Flissafoff’s 
data, he showed (hat exceptions to Schulze’s rule were exceptions 
likewist* to PeYriu’s. From this it was only a step forward to 
apply to electro-osmotic ])henoiiiena a definite theory based upon 
sulsorption, or more specifically, upon the selective or preferential 
adsorption of ions. 

Frenndlich called the difference of potential betw'een solid and 
solution, the ‘‘adsorption potential.” If a cation is adsorbed to a 
greater extent than the accompanying anion, the solid becomhft 
positively . charged, and if it is employed as a diaphragm* 
electrical endcMmose will occur from cathf^e to anode. For the case 
of a solid against pure water it is only necessary to postulate 
selective adsorption, either of the ions already present in water or 
produced by the solid dissolving. When preferential ion adsorption 
occurs, the number of ions actually adsorbed is very small, because 
the charge on a single ion is relatively lai*ge and the electric^ double 
layer that is established opposes any further spatial separation of 
positive and negative ions. 

Freundlich’* has recently modified his original theory of the 
the adsorption potential, witnout improving matters appreciably and 
not without ad^ng several complicating hypotheses. He suggests 
that the contact potential of the diaphragm depends upon the nature 
of the material of which it is composed (upon differences in solution 
tension of the ions thrown out) and that it is affected only indirectly 
by adsorption. In my opinion contact potential does nndonbtodly 
depend upon the nature of the solid itself, but the important 

*• PM. Xmg. ( 6 ), 18, 586 < 1909 ). ' , , 

» Kapuiarekmit, 345 (1909) ; ZtU. Phyt. Chtm. 79, 407 (1918). 

•• Jmr, Chim. 3> (1905). . v4 

» FmndUMi and tObmiolt, SM. Phy$. Oam*, 79, i07 (1912). / 
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Is the power of the solid (<» udsorb seleotively thi' ions piosont in tlu* 
liquid from tho boirinninjj, or proiluo.-a by tho solid .lis -..IvinK ’" 

Fra/eraiul Holuu^s**, ft>llo\vinK^asuirgt»Htii>u rvjvciM \ \ Wlu^thunu"- 
have advanced a di?^tinctly dittorent hy|n»tht‘Mj^ ha>*‘ d upon thi» 
solvate theory. If the hy*iratit»n ot the eation in triaii that 

of the anion, for exjimplo, liquid sli«>uld he carried f? ati unt»de t<* 
cathoile ; ami this is what the authors found tu ht* t ^e case with 
neutral salts of the alkalies ai^uinst eartlien ware, the imdntity 

of au iou inii'ht be re^irdetl as an iiiverst' iiieastire u! . s hydration, 
one couhl expect a strong tlow t<> the cathode in an aik diiu* Hi>littton 
and a strong How to tlie anode in an aei*! soliuieo. 1 1 is detluclioti 
ai^reed with the facts far us tln^y wen* deter'iiined 1 v I rajier and 
Holmes. Ikimtt aiul Harris, who favourcil a ^lnutar theory, ^ver** 
rather overwhelmed by its coiisc«juences. for they cai<*ulat*^ I that 
anywhere between h''^ and i*7H nioletMiles of wa(»*r wet * (rafisjM»rted 
through agar diaidinigins for t^verv inoh‘CuIe ut t-^dnt* d*'i*'Hn{x>s^*d 
elect ro ly tically / ‘ 

Thes4»hute theory of Kra/er and Holmes cannot I corn-i^t, fnr 
on© would have to <’«)nclude, in con*^<*’|nen('e, that th rt» is a funda- 
mental dint*ren<‘e between ♦*h‘etriea! endosinos*- and dia- 

phnigin current.s. Mor*’n\er the tfo-orj uN^igns t4» the diaphnigin a 
suborilinate and purely mechanical rclr. Ndsher dfMH it explain 
why mere traces of lanthatuun salts, for in*^tanc»% reduce the Jh»vv 
of an alkaline sohuion, or why an acid solution f/ie 

through powdercil glass. If there is:in\ reiatnm ls*tvveen enihwiimse 
and ion mobility, it is better t4) consider it ati rridire<*t one, prtwluce<l 
by a |)Ossible relation between ioti mobiIit\ aT>d ion adsorption, as 1 
pointed out when discussing IVrrin*.*^ speculations. 

After ctirefnl consideration of the farts in I bo cai>e« it would 
appear that the most satisfactory working byj^otheiiis to at^nnt for 
contact electrification of this iyt>e (and hence to serve m haekl to an 
understanding of electrical endosm«iee and cataphoreaUi) la the one 
proposed originally by Freundtich and emphaaiaed recently by 
Bancroft-^ 

By virtue of their surface properties solids arf> able to adsorb 
substances from a liquid with which they are in contact. may 

adsorb a particular vm prefertmtially^ in wrhieh case we have selective 
ion adsorption and either a jKisitiv© or negative charge on the solid. 
The adsorbing substance tends to be |>eptiae<i by the adsorbed ion. 

^ The modiSed Frmindllch theory of thr- lonixatioti of colloid aggnMilei*. 
sooording to which ponicloi^ of m b&alc mlare, iiiich st fenic bydmrkle, s«e helWe^t 
to giTe cdf Oil iom to th^ liquid aod lieortme fkji»illrely tdiarged^ while pertteW of 
meid nature, tuch an give up H lone m the Hqnifl and he«0ineet«>^€rlfo«tiMatlve, 

The enggeation liaa receivfvi the <>opport of X^iginoody and many othefn. While it 
h ea»jr thiw to aeootifit for the charge Iwrue by ftttIwtMCsee ettoh an eilioa and fernc 
hjdr0siii0. It te hjr no mmm eo eimpie to do no with nuimUkO^ ench mm mulphnr, 
imrh0ra$tdnm, mod diamond, ail o( which are cbmrged ^IccirUmilr when tdaoed In 
emtmet with water or anfftahle Wirteoiie mtutictuk CofltfNue Barton, W# /Werlea/ 
Ctdlfdd •Hciuiicm (IIUS). 

« Jm. rA^m. Jimr., 40, SIU (l9fj^). 

^ tikmrjf f*f mrndim, vm (ISKiil)* 

^ la esaaaoiloa wUh Ftaaer and Holmea' th««iry, wm Bethe and T<*ropolt, 

^ dean ISfipe. Ckmm^ 1ft 8W <1SU); TVaar, Am, Simrmimn, She,, HH, tm (ISIS). 
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Or mas adsorh (h« nolvent itself and be peptized, while the 

otlxT poHsibilitieH, all of which tend to produce peptization, are 
adsorption of a non-electrolyte, an indissociated salt, or a second 
colloid.'*^ Since electrical endosmose has to do with electrically 
cJiartfed surfaces, we are concerned chieily with preferential adsorp- 
tion of ions. 

It is nece8^ary to postulate that every solid has a specific adsorbing 
power for a f^-^iven ion, depemling upon the specific surface^* of the 
solid, »ipon tin- temperature, upon the concentration of the particular 
ion in the solution and upon the other ions present, or adsorbed 
previously b\ the solid. When the ion content of a liquid is 
vanishingly small, we shall have but little ion adsorption and little 
electrical en>losino8e. On the other hand ‘pure’ water shows 
marked emlorunose through rnant' diaphragms. This is a case of 
preferential ion adsorption where the irons are produced both from 
the ionization of water itself and the solution of the solid, which is 
a very important matter in some cas*‘S (notably glass).^^ Since the 
uuijority of solids are chargetl negatively against water, hydroxyl* 
ions are prohaldy adsorbed in preference to liydrogen ions. In 
discussing the pot«-ntial of a solid against water tiritjhially pure, we 
must ai’cordingl}' take two factors into account.’" 

(1) The specific ud.sorption capacity of the solid for hj'drogen 
and hydro-xyl ions j)roduce<l by the dissociation of water. 

(2) 'Phe distjuluiion of the 8oli<l, w'hich, though extremely slight 
in many oases, may prtiduce ions that are strongly adsorbed. 

Hydrogen ions are tiftett adsorbe<l )»referentially from solutions 
coitiaining them, especially from aeids, ihoiigli we have seen that the 
rule is by no means a general one. Experiments by the author have 
shown that aluminum, which is {tositive in dilute hydrochloric acid, 
is weakly negative in citrate acid where the equivalent selective 
adsoirption of the citrate ion must be greater than that of the hydrogen 
ion. Moreover, we know that metal sulphides are peptiaed by 
liydrogen sulphide, an acid, yet the adsorbed ion is sulphur and 
hydrogen ; for the particles in suspension are electro>negative.^ 

In general the same statement applies to the adsorption of 
hydroxyl ions. Solids seem to have a somewhat greater adsorption 
affinity for hydroxyl ions than for hydrogen ions, though there are 
notable exceptions to this generalization. The general theory cover- 
ing the electrical endosmose of *all liquids and solutions may be 
formulated as follows : — 

(1) Electrical endosmose depends npon the preferential or selec- 
tive adsorption of ions and is influenced only by those ions which 
are adsorbed by the diaphragm. 

« C*. Baoeroft, Jour. Phffi. Vhem., 20. (1916). 

Wo. Outwald, GrundriM der KdlMd^’hemie. 29 (1912).! 

« Cf. Bonnett, an«l Pierson, Jour. Pkyo. Phem., 22. .256 (1918); Trout*. 

Ant. EUetroektm. Soe., 31. 257 (1917). 

I* In this connection, compare the statemmt of Schwerin, Brit. Pat. 10793 (190^> 
wherein he emphasises the importance of taking into aooonnt the dissolving 
diaphraffin* 

WixuMiiiigeir, BnlL SoCu ehem.^ PaHs (3), 49i 433 <1388) ; Linder and Plotoili 
Cheat. Soe., 61, 116 (ISthi). 

In this CfSttneotiott compare the tteaatifnl experimente of LottinBOStr, Jmr. 
pmM. Ck*m. (2), 72, »» (IW). ; ? 
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(2) Aay oircamstance or condition which changes the adsorption 
prodnces an effect upon electrical endosmose. Electrical endoemoee 
varies, therefore, with the condition of the surface (for a given soHd), 
with the relative and absolute ion concentrations, with the tempera- 
ture and so forth. 

(3) The direction of endosmose indicates the sign of the dia- 
phragm ; the rate 'of endosmose is proportional to the intensity of 
the charge on the diaphragm in case the potential gradient through 
the diaphragm is constant. When the liquid flows to the cathotlo, 
the diaphntgm is negative ; when it flows to the anode the dia- 
phragm is positive. No flow at all probably indicates an iso-electric 
condition.®'^ 

(4) A diaphragm tends to become positive by the selective adsorp- 
tion of cations, and negative by the adsorption of anions. 

(5) The positive charge prtsluced by an adsorbed cation is neutral- 
ised more or loss by the adtlition of an adsorbed anion, the effect 
increasing with the concentration of the anion. Similarly, the 
nejpttive charge produced by an anion is neutralized* by an adsorbed 
cation. 

(6) Electrical endosmose measures the tendency of a solid to 
form an electrical suspension in a given liquitl, but it does not 
measure the tendency of the .solid to form a non-electrical suspen- 
ftion, such a.s is proilnced by adsorbed solvent, solute or neutral 
colloid.** 

5. Adsorjittion Pvtentialy Temperature and other Factore. 

Returning to eqtiatiou I it is'hanlly necessary to i>fiint out that t, 
representing the poUmtial of the Quincke-IIelinholtz double layer, 
stands also for the ‘ adsorption i>oteutial ’ of the solid-liquid interface. 
Quincke and also Von Tereschin have calculated values** of e fora 
glass-water interface, using data obtained by electro-osmotic experi- 
ments with capillary tubes. The values lie close to 50 millivolts and 
are of the same or«ler of maguitud<> as those®* calculated from the 
migration velocities of particles suspended in water (cataphoresis). 

From the l>eginning it has been recognized that electrical en- 
dosmose Is greatly affected by changes of t«-ini>en»turc. Perrin found 
that, with rising temperature, the volume of liqultl trans{>r>rted under 
otherwise constant conditions increase*! very rapidly, and he reported 
that temperature had ahtnU the mine, effect on Dus rate of endstsmoae ae 
it had on thejtuulity {reciprocal of vUconity) of the liquid. Equation 
1 indicates that this condition is plausible (since D does not change 
rapidly with the temperature), provided t remains practically con- 
stant as the temperature changes. Perrin’s conclusion that the 

** Note tluit Bethe and Toropoff nuaintain that the ‘indifferent ' jMnt (aero flow) 
and the isoetei^o point do not neeewarily coincide exactly. ZeU, Phy», Ckem. 89. 
6»T(19tA}. * 

» Schwerin has relied this principle in Brit. Pat. 3379 (1311), where in order to 
**tnf** stable saspeninoiM be adds aoids to tboee sntMtaaoes whi<d> migrate to the 
ca^Mdeand hnses to thoee which migrate to the anode. In 37930 (1911) he adds 
adsorbed j^orittve or negative ootloide (alnmina, htunlo aoid, siliGa, eto.) to obtain ^a 

» PremiiM, KnjmarekernUt. 337 (1903). 

^ Data oonyil^ Borton, Pkfeietd Pioperiiee »f (^Uid Sdndtm, 185 (1915). 
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temperature coefficient of Tiacosity determine very largely the 
value of the temperature coefficient of electro-osmose, is strengthened 
by experiments of Ooehn and Baydt,^ Cameron and Oettinger,** and 
of Briggs, Bennett and Pierson.** 

On the other hand Cruse*' found an apparent maximum in the 
rate of electro-osmose, this maximum occurring between 35° and 
40° C. Briggs, Bennett, and Pierson have shown that Cruse*e 
maximum was probably due to the diaphragm not being in equi- 
librium with the liquid phase. They have carried out determination 
of the temperature coeflicient and find ^at with diaphragms of 
asbestos, cellulose (filter paper) and carborundum, the rate of flow 
increases with rising temperature slightly less rapidly than the 
viscosity decreases ; the rate for a given diaphragm at constant 
temperature is also very exactly proportional to the applied external 
potential. It is only fair to point out, however, that since adsorption 
varies with the temperature, and since the temperature coefficients for 
anion and cation are not necessarily equal, c may also vary with the 
temperature and might even change its sign. In the cases just 
discussed, c is probably very nearly constant. 

6. Hchiled — Cataphoresis is the reverse of electrical 

endosmoso. One is dealing here with a mobile or ** floating ” dia- 
phragm. The fundamental theor 3 ’ is without question the same ; 
such differences a.s appear to exist between the two processes being 
duo, in all likelihood, to flocculation conqdicating the phenomena of 
cataphoresis. The particles are positive if thej' migrate to the cathode, 
negative if thej’ migrate to the anode. Acid-alkali reversals are 
known, and strongly adsorbetl ions determine the charge on the 
particles. As the snbject constitutes a separate report in this series, 
it will not be considered further at this time. 

Perrin*” has pointed out that the curious Bose-Guillaume phe- 
nomena is a special case of Quincke’s “ diaphragm currents,” and is an 
electro- osmotic phenomenon. Guillaume’s data** are evidence in 
favour of the adsorption theory. Electro-stenolysis is another phe- 
nomenon dependent upon contact electrification. 

When certain aqueous solutions gure separated from watei* by a 
porous plate of porcelain, for instance,*a slight but measurable osmosis 
is often observed. In some instances the osmotic flow occurs from 
the solution into the water and not from the water into thS solntion 
as one would expect it to do. Such apparently abnormal osmosiais 
termed “ negative osmose.”** 

According to Bartell the most plausible way of accounting for 
osmosis of this type is to assume that it is caused by the ** polar- 
ization ” of the membrane. The membrane being in contact with 
different liquids, the adsorption potential will be .different for each 

Drmds't Ann,, 80 , ( 1909 ). 

** PhU. Moff. ( 6 ) 18 , 58 « ( 1909 ). 

M J,mr. Plivt. Ch*m. Sg, 386 (1918). 

« Phv*. iSjtf., 8, 201 (1905). 

M Comptet rendut, 147, 58 (1908). 

« Ibi^ 147. W (1908). 

*> Bartell, Jour. Am. Chom, Soo. 36. MO (1914) ; Bartell and Hookajt, Am. 
Ch«m. Soe., ^ 1099 (1916) ; FreundUeh, JSMt. j^toidobrmio, 1$, ll>/t916) ; Oirerd, 
Vom^ rendiu, 148* 997 (1908) ; 161, 99 (1910) ot Myr. 
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face and there will be established a difference of potential between 
the ends of the capillaries. This difference in potential causes 
electrical endosmose to take place ip one direction or the other and 
an apparent osmotic action resaltal That a difference of potential 
really does exist between the water side and the solution side of the 
diaphragm has been demonstrated experimentally. The explanation 
outlined above is an ingenious one, hut the problem is by no means 
solved as yet.** 


SUMMAUY. 

Elect ro*osmotic phenomena >vith pure liquids and solutions have 
been described and the various theories discussed critically. The 
most plausible hypothesis seems to \>e the Freundlich-Bancroft 
theory of selective ion ailsorption. The effect of temperature 
changes and other influences have been considered and in conclusion 
mention has been made of negative osmosis and other phenomena 
related closely to electrical endosmose. CaUiphoresis au<l electro- 
stenolysis have not been included. 


Rkcknt Papkrs ox Electrical E.voosmosk. 

^Electric o?*mo8ri» »«<i concentration of electrolytes.' . 1 . (>. VVakemn Bahhatt and 
Albert H. Harris, ^eit. Eltkir0chemit\ Jg. 221 (11»I2). 

Atithor«( have stufiicd eU^ctriail enilosrnose through UiapliniKUiH of gelatin, 
parchment and agar, Riite «>f Sow and direction of osmose ap[K*ar to he deteriiune<l 
by the nature and valence of the ions in s<dution. Svt* next reference for more 
comprehensive article, 

* El6ctro-c»moisi.s.’ J. (). Wakelin Barratt and Albert B. Harris, Ihoch^mical 
•Aoir., fl, 315 (lUIS). 

Sec preceding reference. Article gives data for a large number of diaphragm 
8ub6tances, descril»es ingenious appanicms and <li'<cusst*s the hydration th<?ory. 
Elect rO‘ os loose into human forearm .stinlied. 

‘The effect of tdectrolytes on electrical end♦>*mr^4e.' G. Vox Elissakoff, 

Phys. f V/a., 79. 3H.> 

Very important article showing where Perrin'- valence rule holds and w here it 
fails. In an apfiendix written with Frcundlich, the author argues very effectually 
in favour of the ionic adsorption theory. 

♦Electrical endoe^mose.' Wilukr D. Baxcboft, Jtmr. Phy*. Ig, 312 (1B121 ; 

Tran*, Am, EUrfrorhrnt, *Srv*., gj, 233 (1912^. 

Pro|F)S4'S ionic adsorption hy|>othesis and applies it tv> some hitherto unexplained 
experiments of Heed. Tm/**. Am, Klretrm^hrm, Stn*,, 2. *‘1*1 (lSi>2), Article inelndea 
dlacnmon of a^klition agents in electroplating. 

‘Determination of the valence of radium by means of electrical endosmofm.* 
Herbkbt Frkoxdlioh and G. vox Klisfafoff. P/ty*, 14, lt>r>2 (IU13). 
Badiom appears to be divalent and cb^iely related to tiarium. Method depends 
upon application of Perrins rule and requires lees than O'Ol milligram of 
imhetanee. 

‘ Hydration of organic colloids under the inffoenoe of etectrolyeis/ E. 

Cmnpies rendu* If hL^ 76. (1314)- 

Borne cnrioiiH hy^tlon and dehydration effect# observed during oleotrical 
endoetnoee with gelatiti. 

♦ KmMve oetnote/ F, B. Bartcll. Jour. Am, Vhnm, £he,^ Z6f (1914). 

Author aceonnta for poeitive and negative oitnoeiii through porcelain by afmmiiig 
that eeleetiva adiM>rption polarleee the membrane and thi^ the oemoeie fa realiy 
electrical eiukiiiiioee. 

•* Cf. Bancrollv Jeur. Phyn, Ch$m,^ 21, 441 (1917). 
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^ Electrolytic 6Ddosmpi»e/ Hobaos G. Btebs and Oabl Waltkb. Jour. Am. 
r/tom. Soo. 36, 2284 (1914). 

Complicated endositootic experlmentii with three and eix compartment cells. 

* Kleotrolytio processes of diaphragms.* I. Disturbanoa of Nentrality. Albrecht 

Brtiib and T. ToaoPOPS', Zeit. Phyo. Cham. 88» 986 (1914). 

With organic diaphragms eleetro-osmoso causes H* concentration to decrease at 
anode side and increase at the cathode side. Electrolytes in solution affect the speed 
with which the neutrality is disturbed. The order of anions and cations recalls the 
llofitioister series. 

* Electrolytic processes at diaphragms.* (I. The dependence of the magnitude and 

direction of the concentration changes and the water movement upon the Iwdro* 
gen ion concentration. A. Bbthe and T. Tobopopf, Zeit. Pkys. 89» 937 ‘ 

(I9lf»). 

Article includes a numl>er of experiments on electrical endosmose with gelatin, 
albumin, collodion, animal And other membranes. Interface potential is an ionic 
adsorption phenomenon ; electrical endosmose de(>ends both upon Interface potential 
and the relative hydration of mobile ions. 

‘ The relation of osmost^ of solutions of electrolytes to membrane potentials.* Thao* 
s retical. F. E. Barker and C. D. Uockbu, Jour, Am, (Ivrm. Soc.^ 38 . 1029 
(1916). 

Author (Hunhinos ionic adsorption theory with Xernst diffusion theory to account 
for i>olariration of membrane. 

^ The asin<»se of some solutions of electrolytes with ]>oroelain membranes and the 
relation of osmose to membrane potential.* F. E. Bartell and C. D. HOCKBB, 
Jttur, Aru, Chem, X»r., 38. 1936 (1916). 

‘ Negative o^mo«»is.* IIrriikrt FiiKUNDLicn, Zrit, KolUndchamu*^ 18, 11 (1916). 
(Original article not available.) 


1917. 


Ete<!trical endosmo»^^* 1. T. U. Jour, Phy^i. Chrto,, 2L i98 (1917). 

Complete historical summary with references to literature. Critical study of 
diKeretit theories of eIectn*-<«mose and contact potentials. Author prefers ionic 
adsorption hypothesis of Freund iich and Bancroft. 

‘ Electrical endosmose and adsorption.’ T. H. Bkiggk, H. L. Pierson, and H. S, 
Bennett, Tmm, Am Kirctroehem, Nr»r., 31 . 267 (1917). 

Sra iRdow. 


1918. 

Eleoirical endosmose,* 11 . T. R. Briggs, U. Bknnktt, and H. L. Pieesok, 
Jour, Phyif. Chrot,, 22- 27.6 ( 1918 ). 

Autuors cfescril>e new and convenient electro-osmometer and study the relation 
between the rate of endo^mo^^e and voltage, teinix-rature and other factors. Data 
tend to confirm ionic adsorption theory. 


ELECTIiI(\\LKNDOaMOSE. II. INDUSTRIAL APPLICATIONS. 

Btj T. R. Briggs, Cornell University. 
Introduction. 

During recent years increasing attention lias been paid to the 
possibility of making some practical application of electro-ldnetio 
processes, including electrical endosmose.^ It is proposed in this 
report to indicate to what extent and in what direction these in- 
dnstrial applications have been attempted and to elucidate, wh^mver 
necessary and whenever possible, the principles involved. ^ Owing 

• Ot. Foentet : MfktreckeiUe, IIS (ISIS); Kniyt : rkem. WeMM lA ?SSCtSl7); 
Ohem. AUlr., II, 8984 (WIT) t bewts : See, CkSm. /«!., 3St i^(WlS). 
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i!M8 

to the close rolationship v'xistiug betwoon olt'ctnc:»l fiul uml 

cataphoresis uiul becaust* of tlu' not very surprising laf thai cata- 
phoreais plays a very important part in many H»i-<'allf‘>! •‘oloctro- 
oemotic’* processes in practice, no attempt will be miule to exeluue 
technical cataphoresis from this discussion or to limit it strictly to 
electrical endosmose. 

DEWATKBING I’KAT BY KLECTUICAI. K-NDOSMoSI 

* The possibility of using electrical endosmose and catiipboresis in 
thereiuoTal of water from muds, pulps and jelly-like or spongy uiiisses 
containing materials in suspension, has been considewai in some 
detail during recent years, especially by Count Botiio Schwerin in 
Qermany. The peat bogs of the latter country and of Ireland offer 
a very great potential source of fuel prorid^ only a sufficiently 
economical method can be devised for dewatering the material* 
Filtration and centrifuging are not applicable because of the slimy 
nature of the peat pulp, which causes an impervious layer to forut 
on the filter or in the centrifuge. Attempts have been niaile to sub- 
mit the peat mud to stream evaporation combined with drying in the 
air. The mud as it comes from the tiog contains approximately IN) 
per cent, of water and to evaporate a pound of this material con- 
takung 50 per cent, of water (which can then l>« cut into blocks and 
dried in the air) approximately 8SO H.T.U. are required, .^fter air- 
drying the interme«liate .50 |>er cent, material, a final pVinluct results, 
containing about 21) jier cent, of moisture and |H)ssessing a calorific 
power of about 8100 B.T.l,'. per pound. As one imund of the 
original mud yields rather ie.*ts than one-eight ]iound of dried peat, 
yielding not more than KXHt D.'IM/'., it is e^'ident at once that the 
problem cannot be solved by a direct dtdiydration priKjess such as 
the one outlined above. Itut it might l>e possible In such a duplex 
process to substitute electro-osmose for the preliminary evaporation 
and 80 either to remove mechanically a large part of the water or 
else to concentrate the suspended particles in the pulp by causing 
them to migrate by cataphoresis to the electroiles. If is well to l^ear 
in mind, in this connection, that the electro-osmotic process cannot 
possibly dry^ anything ; it can at l^est remove water only to the 
extent that filter presses or centrifuges do. 

Count Schwerin was granted his first British I’atenl’' in 11)(X). 
Various types of apparatus were disclosed, in all of which the j>eat 
was treat^ Ijetween a suitable anmle and a perforated cathode. On 
passing a direct current ladween the electrodes, water was forced 
out of the spongy or semi-liquid mass and escaped through the 
perforations in the cathode. At the same time some of the sus- 
pended |>eat migrated to the anode and formed there a fairly dense 
layer. Schwerin called this the “ motorial ” action of the electric 
current. 

He next patented an apparatns'*' consisting of aseries of superposed 
horizontal partitions, corrugated to allow liquids to flow away, and 
supporting bozra containing raw peat. These boxes were filled with 

• Of. Nenist and Brill : Verb. DetUtch. phyt. H, 112 (1S09). 

» Brit. Pat. 12181 (ISOS). 

♦ Brit. Pat, 22801 (1901). , 



(IN rot.ioll) ('riKMrSTHY \NIJ ITS INDfSTUl VI, AITI.K'ATIOXS. 41 


|»*)rvinuH in«t;illic boltoms »<jrving a» cathodes and the anodes pressed 
down from above upon the peat. The Hbchst Color Works 
(‘xjjorimenteil with Sehwerin’s process on a seoai-commercial scale 
and took oui several additional patents® on improvements of 
apparatus and procedure. Other patents were taken om in Great 
r.ritain by Sumiens and llalske,'* Doiill/ Kitller,** Verey and Downes* 
ami Himm,' ' although the last named inventor really used the current 
for heating purposes only.** 

Schwerin,** addressing the Bunsen Society at the Fifth Inter- 
national Congress at Berlin in 1903, disoossed some of the pre- 
liminary experiments made with his process mid attracted at Uie 
time a good deal of attention. Starting with a peat mad oontainlii^ 
originally nearly 90 per cent, moisture, it was claimed that a Tolome 
of water equal to three-fourths the volume of the mud could be 
removed and that this coold be done with an expenditure of only 
one-fifth part of the energy available in the recovered peat. The 
most suitable potential gradient through the peat was stated to be 
4 or 5 volts per ceiuimetre and 13 to 15 kilowatt-hours were required 
in removing one cubic metre of water. Unfortunately, the peat 
obtained at the end r»f the treatment contained as high as 65 per 
cent, of moisture, although the material itself was easily amenable 
to moulding into bricks ^r other shapes. It was therefore necessliry 
to subject the moulded peat to prolonged and tedious drying in the 
air, in order to reduce the water content to the permissible maximum 
of 20 per cent. 

Promising as Schwerin made his prtKresB appear, it proved a 
failure when tried out on a coiuinercial scale apparently Itecause air- 
drying the material with t»5 per cent, moisture proved to be far more 
tedious and costly than e.xperient^e with 50 per cent, material had 
led those intereste<l U» expect.*’’ Nevertheless, it is possible that tbe 
method may some day prove feasible if the electro-osmotic treatment 
can be improvetl to yi«?ld a product with less than 50 per cent, of 
moisture ; such an improvement might be brought about, as Foerster 
suggests, by previously disintegnUing** the jelly-like aggregates in 
the original peat and thus permitting closer packing of the peat 
solids. A very large proportion, however, of the water in peat is 
mimrhetl, and the dilliculty as I see it lies in the removal of this 
adsorbed moisture : only water held merfianicaify can be removed 
by electro-kinetic processes.*'’ 

In recent years Schwerin has endeavoured to improve things by 
applying to his purposes some of the newer knowledge gained from 

• Brit. Pats., 3795, 24670 (l'.»(»4) Farbwerko, vorm. Sleistcr Lucias u. Brtining. 

• Brit. Pat., 14195 

’> Brit. Pat., 1717 (1903). 

» Brit. Pat., 126 (1»04). 

• Brit. Pat., 2226 (1907). 

'• Brit. Pat., 4792 (1905), 

" Of. DavU: JiiUt. 1/..S. Hur. of 16, 122 (1912). 

•* Her. V, int. Kong, attgew, 4, *’53 (1903) ; X&t. ElrktnKhemie, 9, W9 

( 1903 ). 

•* 0 f. Foerster : 118 (1916). 

>♦ Of. Brit. Pats. 6998, 6996 (1914). 

The same difflonlty arises lu the removal by oataphoresis of Iron oxido from 
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tfa* meftMbes of Perrin and others. By adding a tnwf ,<>f cansUc 
: to tibie peat mnd, ti»e dewatering is greatly hastened, 1*® “•* 

■ also devised an intoasting eleotro<K>Biiiotio filter presa*’^ In which pw 
Or day are dewatered under pressure between filter diaphragiM ana 
an electric current sent through. It is claimed that by continuous 
pressure and electrical endosmose, the pressure necessary to nwr 
clay or peat suspensions may be reilnced twenty fold, rurther 
improvement is said to be gained by disintegrating**^ in a ball mill 
the peat as it comes from the bog and adding the electrolyte to the 
mill. 


The “Osmose” Process of PnuiFYixc and 1)kw.vteuix«} (’l.av. 

The electro-osmose process was next applietl to the dewatering 
and parificatiou of clay,''-* for the piirpose of tninsforiuing a low 
grade and impure material into something apj>roxitnately in quality 
ball-clay or china-clay. In the older proce.s.si-s the iiupuro t-lay is 
first made into a thin slip with water, the slip i.s allowe«l to stand 
nntil the coarser particles (usually silica) have had time to settle, 
and the tine particles of clay still remainiui: suspeudetl in the sli|> 
are removed by gnivity settiing, filtration or <-entrtfugal H»‘[>aration. 
The settling procass is very tedious, and the ditlieuhies of filtering 
or centrifuging are very great. 

Schwerin proposed to hasten and improve the process by de- 
watering the suspended clay by means of caiapboresis. The crude 
clay sulMtance is made into a .slip with water in the usual way, the 
kaolin is detlocculateil ({leptized} by the addition of a little sodium 
hydroxide or other agent sucli as humu.s or sodium silicate, and the 
coarser particles are allowed to settle. If the impurities such as 
silica or iron oxide happen to consi.Ht of relatively coarse particlt« 
nnadsorbed by the clay itself or «‘ven if they are finely divided but 
are not detlocculated (peptized) Ity the addition agents, the crude 
clay is purified to a certain extent and is usually improved in 
plasticity and firing qualities. The clay suspension, after settling, is 
pumpetl into the “osmose” machine where it is dewatered by 
cataphore.sis. 

According to Ormaiuly''” the “osmose” machine consists of a semi- 
circular trough, in the center of which a revolving metal dram 
serves us anode and outside of this drum and distant about half an 
inch from it is a cathode of wire netting, surrounding the anode 
drum on the underside. When the- suspension is pumped botwetm 
the electrodes, the imparities are said to settle on or under the wire 
cathode, whence they are nimoved, while clay is deposited on the 
slowly revolving drum in a blanket 4,^ feet wide and i inch thick, 
containing not more than 20 per cent, of moisture. For other details 

“Cf. Brit. S.'ISI, 11626 fl911). 

»»Cf. Brit. Pat*. U369, 23.515, 24666 (1912); 10373(19(3); Ulzer : Zeit. aiujetr, 
Ckem., 28 Oy, 30» (1916). 

« Brit. Pat*. 699.3, 6995 (19)4). 

>* Cf. Brit, Pate. 10024 (1907) ; 28185 (1911) and other*. 

*» JirU. Ctayworker, 22f *» (IS>18) ; Pott. Oat., 88. 11«2 (t****) ; 40, 17« (1916). 
Cf. Btoermor : “HHtindutf rie Zeit., 86. 128 (1916); al«o Uopkin* : Jirit. 
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as to operation, idze ol plant, costs and oi^er matters, Oimandy’s 
article and tb» inier^ng disonssion on tbe paii (d members oi ^ 
Ceramic Society thonld 1>e cousnlted, * . 

Among tile advantages claimed for the method are (1) gteator ease 
and steadinem of operation ; (3) smaller plant^ace ; (3) lowei 
lftlK>ur cost ; (4) process not only dewaters clay but porides it as 
well, thus supplementing the preliminary settling treatment, (5) clay 
after treatment is very plastic and sinters at a temperature &r l^low 
the melting point.** 

Schwerin’s “osmose” method has been discussed critically by 
Bleininger-’* who points out tluit the “ osmose ” machine is merely 
a substitute for the filter press or centrifuge, having the advantage 
over most filler apparatus of being automatic and continuous. By 
oxiH'riiuents of his own Bleininger assured himself that no measur- 
ahle purification oceurr»‘d during the calaphoretic separation of the 
clay an 1 that such chang»^ as the clay finallj* underwent was due to 
the ju'eliminary d<-fi<»cettlation and settling. At the present time 
Bleimiiger-- is of the opinion that, although the “ osmose ” process 
cati he ma<l«> to work satisfact«jri!y, the .same results can be obtained 
without the ii.st> of tin* electric current by defiocculating the clay 
with eatistie soda, thus removing tin* granular impurities, coagulating 
the suspension with acids or aluminum chloride and filtering out 
the precipitated material. At any rat'* no (*lectrr>.rtsmose plants are 
in op«*ration iti the United Stat«*s, while tin* precipitation process is 
giving satisra<*ti(»n at the Saylersburg. I’a. jdant of the Miner-Kdgar 
('nmpany, Hnxjklyn, N’.Y.. and that of the ficorgia Kaolin Co,, at 
Macon, (Jeorgia. 

'rin're seems to be a great deal of misunderstaniling with regard 
to the extent tf» wliich the “osmose” machine acts as a purifier. 
Ormaiidy points »iut that clay or kaolin particles are electro-negative, 
silica is liiore t»r 1<*sk netitral while oxides of iron and titaniuui are 
positive. Hence only kaolin raignttes to the anode, silica settles out 
ami the iron collects :it the cathode. In the first place, suspended 
ferric oxide, although called a j)osiiive colloid, is not necessarily 
po.sitive against an alkalim* soluticn ami probably is electro- 
negative*^ unless the>ro hapi>ens t<» be jireseut in the solution some 
strongly adsorbed catiott, such as ealciuin or magnesium, to counter- 
act the effi'cts of hydroxyl. Another point which htis been over- 
looked is the comlition of the in>n oxide in (he clay — if the oxide is 
adsorbed by the kaolin the electrical treatment cannot remove an 
appreciable amount of iron from the clay. To be sure, Schwerin** 
claims that adsorption compounds can be broken up by electrical 
endosmose or cataidioresis, but this can occur only when there is a 
ndutively largo amount of one substance in the li<|Uid phsise and in 
adsorption equilibrium with the solid phase. As to the results 
actually obtained, it is interesting to note that of 25 clays reported 

*• Of. Brit. Pat. .1434 (1913). 

** Tram. Am. Cer. tim'. 16. 338 (1913): Terhn. Paper P.S. /itir. Staadar^^t 
(191.1). 

** Private communication to the author, Jnue, 1918. 

** Ferric oxide peptiaed by glycerine and KaOli ia negative aad migrates to the 
• node. Fieoher and KuaniUky : Pioehem Zeit., 87* 31 1 (1910).' 
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by Ormaiuly, 15 coniuitoHi less iron after 
tained more. 

Shortlj’ before the \\er, Sehweriii orjranizeil t!i<' lil- Uf! >'>«Hui«>se 
Aktien (leselUehaft of Frankf»irt-on-the-M:iin, f<>r the |e.i}>es^ <>f 
developing his multiplicity of inv«-niions. eommeiu inc <> . nuioiiH 
■with a capital of three million marks."'" Several impr"\<‘ni i»is and 
changes have been made in the clay process siiu'e fliat tin; ', along 
the lines of adding negative colloids i silica, hnnuts) to t: ** clay 
snspension,®' employing electro-osmotic prcssttre liliers,-'' using 
diaphragms’^ differing (1) in size of iM)re», t~) **» intensity 

of interface potential, and making severttl changes in the “osmose 
madhine itself. There is not enough available information f<«r one 
at the present time to evaluate those modifications. The proc^ a« a 
whole appears to be far the m<»t promising one Schwerin haa 
developed. 


Electrical Tan’SIsg. 

Electrical tanning®’ of leather is the oldest practic*al application of 
electrical endosmose, having been originated, according to Hus**, by 
Grosse in l.S4‘.\ In 1874 de Meritens at IVirogratl used eb»ctricity in 
600 tan pits, employing a layer of «.'arbon at the hott*im as aniKle, 
placing on this alternate lay*'rs of hitles and tan bark and eonclmling 
with a sheet of zinc as cathode. Base <iecribes other sy?it*'ms ( Groth, 
Worms and Halo, etc.) ami rejMvrts that th** ele<‘fric current inereasful 
the rate at which tannin was taken up frotn .d.'J.S t*i .'>.'15. 

So far as one is able to judge, *‘leetrieity has b<***n appli*.**! to 
tanning processes for two pur|K>.‘*es (li to hasten the pnxjess by 
heating the bath electrically. (2) to hasten tho proees.s elcctro- 
osmotically by the tan liquor into and through th** .skins. For tho 
first pnrjjose idther direct or alt«*rn.ating current may Iw UH**tl, but for 
the latter only tlirect cnrrvnt can b** emji>ltn«*<l. It seems incorr**ct 
to advocate as Williarn-s *lo*a the use of an alternating current to 
produce the en«l*.>smotic eff**ct of a dir**<*t current without at the same 
time causing electrolytic <locomposition of the tannins. 

The electnM»sniotic inethfMl *>f tanning is *b‘ci<ledly more rapid 
than the onlinary *liffnsion priKress an«l woubl be a «listinct success 
were- it not for anodic oxidation of the tannin. Seliwerin^* has 
endeavoured to prevent this by surrounding the electro*les with dia- 
phragms but his process and apparatus ap]>ear to be excessively 
intricate. It ought, however, to be possitde to solve all these 
difficnlties, for it is undoubtedly in this field and in impregnation in 
general that electrical endosmose should find widest and most 
successful application. 

» Klektraterhn. Zmt., Sg. SSO (19U). 

w Brit. PaU, 27931 (1911), etc. 

*» Brit. Pats. 2S545 (1912). 

*» Brit. Pat«. 2466 (1912). 

* PoWng : Zrit. Jilektroeh«mi4, 2- 1®" (1893); Rideat an«l Trotter: Jour. Sor. 
Chem. Jnd.,l0,m (1891); Bum; /»**/.. 10, 67 (1900); Rideai and Bvana: Ihid., 
32, 633 (1913); WUliama. : Jour. Am. Leather, Chemiote. Ateoe,, 0, 328 (1913); 
Groth : Brit. Pat. 19239 (1912). 

*• Brit. Pat. 21190 (1914), 
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/Wsfri’ii/ion of Timbt-r. Kh-rtro-oHinol.ic hapr*‘(j nation. 

At varioii' time» it hiiM Imeii propoMwl to dry timbor by electro- 
♦tsinoticiilly r-onovitijr thi* sap. While eloctrical endoHinose can 
Krarcol}' prov.‘ Huitabb; for tlilH process alone it rnij<ht be very 
oltectivc in replacing the sap juicpH with litpHd disinfectants. 
Alcock and r<>nipany, Proprichiry, lAd.,-^'* of Mclbonrnc, propose to 
iinpre^oiatc 1* tubers eletitrieally, by phutintt them on end in a shallow 
cathode vessel conUiinin;? a cotidnctinj^ li(|uid and driviiifx into the 
npptM’ ends hollow tneptl anodes filletl with the liquitl jireserving 
tuediuiu with which the wood is to be impregnated. On passing a 
carrent, electrical endosmose to the cathode takes place, sap is forced 
oat of the timbor and into the lower receptacle and its place is taken 
by the liquid preservative forced in at the top. If the consamption 
of electric power is not too great, the method ought to prove a 
success. In this connection it is interesting to find a note” to the 
effect that the injury to trees caused by stray currents may be due to 
electrical endosmose. This is qnite possibly true in case the electric 
carrent is a direct one. 

Manufacture of Bricks, Ltihricating Metal Surfaces in Contact 

with Clay. 

A very effective and apparently mysterious process which is 
unquestionably an application of electrical cn<losmose was announced 
by Dawkins-’’' in llU.'l at the Chicat'O Convention of the National 
Brick Manufactures Association. Wet clay has a distinct tendency 
to adhere to smooth metal surfaces. To jtrevent this a lubricant is 
used, the lubricants including oils, emulsions and water itself. 
Water is particularly us«‘ful because a layer of it on the metal 
prevents the clay from sticking, softens tin* surface of the clay iis it is 
being cut or moulded and gives the brick a smoorh finish. It was 
found that if metal in contact with the clay is made cathode and a 
current is passed, the cli»y no longer tends to a<lhere and all the 
effects of lubrication are duplicated. In making wire cut bricks 
eiectricitl “ lubrication " is Kiid to reduce the power consumption by 
25 to 80 per cent. 

It has been suggested that the current forms a layer ol hydrogen 
over the electrode and that this causes tin* apparent lubrication. 
What really happens is this : ■when the current flows water is carried 
through the clay to the cathode (the metal) and forms a layer 
between it and the clay ; it is this layer of w:rter which prevents the 
clay from sticking and acts iis a lubricant, 

ELBCTRO-THBRAPEUTICS. Kr.ECTR<)-<).SM<mc ISPILTIIATIO.V OP 

DRinrss.-’* 

Shortly after the early experiments, esi>ecia!ly those of Wiede- 
mann, had demonstrated the ease wdth which electrical endosmose 

*'• Brifc. r»t. 251T5 (1910). 

•* Kohneokenberg : JH^htrochem. XeU., 19. ISl ; Chetn. Abstr. 

“ Clayworker S7, 42fi (1912) Cf. Brit. Olayworker : 91, 92 (1918). 

** Morton ; (IS9S) j Henlinan : Bigelow's Internal, Sy*. »f Thera. 

pnUiet, 80. (1894) ; Petenon ! 0 1 (1894) ; Jonea t Ateti. Jlteetririty (4th Ed.) 

itao if I1904> : Xnnmbe aad BercaeUer : Intarnat. Zeit. JBiei. 9, 107 (1915). 
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occurs thrun^'h animat m»’ml>r;mt's, attempts \v«'i-e iu-mIc t •• <*!'!**>' 
process to liviim ineml>ranes ami tissues, lii !>*>’.* Uieti. rilsou jiro- 
<luoc(i what he termcil “ \oltai<' nareotism " or loe.ii ante fto sia |>rt*- 
tlucetl electrically hy forcinir morj'liine ihroui^h the st'O ami int»» 
the tissues t>f the sul'j«‘ef. 'I’he proei ss uppoars to liav- l» ' ii a eoin- 
hiuation of eh eirolx sis amt elev'ti ieat cml.tsmosr. Sine- tii< har<lsoii » 
time a great «leal of interestinir work lias tx eii dotio (tii ft sul'jyct 
aiul it has been tpiiie conclusix *-ty •IcmoustnUe i thaf lupito^ l>«-aring 
narcotics or drugs of alt kin. Is can t)e foreed l>y tiie eleeu-i* t urnoit 
into ami througlj living skin amt ti.ssu.*. Kiei-trie.il ■ udo.ss.iose has 
been apptieil in dentistry as welt, in ilie local aua-stlo-sia ' of s- nsitiy«* 
dentine and in hleaeliing tei'tli witti Itydrogen p.-rovidi'.’* lileetric 
transference of ions in sohuion ci>mplieat* s most of these so-called 
cataphoretic ” experiments (such as Kdison’s"' on the iufittration of 
lithium chloride) as Letluc has shown.-’'* 

M ISCELLANKOUS. 

Schwerin has jtatented an electro-osmotic pnx’ess*" of extracting 
sugar from beet. 8 lice«l beet roots were placed between pervious 
walls and electrolyzed. The sugar sohttion eontaining the soluble 
albninenoids w.as «lriveu through the eafhode diaphragm and in this 
manner the IsHdo were extracteil. Hy placing water U’fw'ecn the 
anode aiitl the anode diaphnigm the soluble aei<ls in t*lte Is'Cts wrert* 
said to be removed by ehsurolysis and coIIecte<i •— an improvement 
which prevented the sugar frt>m inveriitig. The proces.H H|>pi^irft to 
have been electrically acceieraicd dialysis, except in so far .as the 
acidic impurities were more or less xegicgate*!. In more recent 
years Hchwerin through the Hiektro.i smose ,\.tt. has be^n granted 
a large number of patents dtNiling widj ttie puriticarion of eoHoitlal 
and non-colloitlal mixtures and rto- resolving of sncf« mixtures into 
their constituents. I’.y n.sing diaphr.vginx impervious to the eoliotd 
but i>erviou 8 to dissolved ion.s, the latr*.r may be dri\en out by 
electrolysi.s and collected about the electrode.s wiiich are ii.Hualiy 
surrounded in the beginnitig by ptu-e water. simple example is 
the case of extracting .sugar and a<'ids fn»iu beet.s, which we have 
Just mentioned. Suspended colloids may themselves be fractionattHl 
by diuphrutsiitH (I i fh*f {s>res <»f which vary in size (Cf. iiUra- 

htration) {‘ijthe ituerface potentials of which are tlitTerent. When 
the diaphragm f»iMTates because f)f differences in iwrmeabiUty (size 
of pores) one is flealing with ultraliltration accelerated by electrical 
endosmose. In the other case negative diaphragms are said to hold 
back positive colloids or vice v«Tsa and here the process is analogous 
to the mutual precipitation of electrical susiiensions. It is doubtful, 
however, whether really satisfactory sepantttons can be made by this 

** Cf. BarraU and Harrisi ; Jiurr., g, .^15 (VJ12) ; Morton ; Catiiyhwtti* 

89 (I89S). 

*• Morgenatorn : FAMi.rwhfTn. XeU.. 15, 189, 214, 240; i'f. Cht'm. AhiAr. S, 1203 
(1909). 

** Morton: Calaphoietin, 4t (lH98). 

Peterson : Sujt'lon''* Inltrwit. Sym. »f ThtrapevJtie*. C13 (1S94), 

*• Jones : .Werf. KlrdricUy (4th Ed.) 228 (19<l4). 

Pat. 8068(1901); 14195(1903). 
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Bi'cond iiiotlio I bocauso <hc ailsor|itiua of tho fluspended collobl may 
chans^o iho si;ru of (ho (iiaplirumii. Scjhw<Tiii claims to apjdy the 
ru«*(ho I in (In- production of pun* colloidal silica,** in the tanning of 
leather, in tlo- purilicalioii of gelatine (gluc)'^ djes,*'* metal sols” and 
alumina*' and in the treaiimuit of senun. 

SiJMM AHY. 

In thirt ri'poi'l there have been deseribecl applications of electrical 
vmlosinose or of «*lu<'trical ondosniosc and cataphoresis in the pro- 
cesses of d*-u atering peat and other substattces ; treatment of clay ; 
tanning; liltratiou ; medicine; separation of colloidal ami non- 
colloitlal mixtures ; and so forth. No meiition has been made of 
certain pnjcesses, such as the electrical treatment of emulsions and 
the use of atlditiun agents in electro-phiting, which are clearly in- 
stances of applied cataphoresis ami are so recognized. 

British Patents. Klectro-osmotic Processes. 

In the case of Patents dated as of the years IIKX) to 1913 inclusive 
the original Siwcifications have been consulted. The information 
containetl in the more recent patents has been obtained from 
Chemical Abstracts and other sources. 

1000. 

124^1, Jaltj to. li. S'rJifcerin. Munich. “ fmpeoretnents relating 
to Ihf ex! nictinu of u'fttfr oc other hr/uid front mineral, 
rrgetnhh', and animal suManccs. " Evidently first liritish 
patent. Discusses eb‘ctri<*;il endostnose, the utilization of the 
motorial " ;iction of tlie electric current in removing water 
from p»‘Ut and describes apparatus for so doing. 

1001 . 

SOSO, April 10. B. Schwerin, MunO h. “ Improvements relating 
‘ to the e.rtrac( ion of sugar. Sliced beet-roots placetl between 
pervious wall.s an<l submitted to electro-osmose and elec- 
trolysis. Sugar, soluble albumin and \v;iter driven to 
■ cath»)de, Place.s Avater between solid material and. anode; 
the acids in the bet't.s collect by electrolysis in the anode 
liipitd ami arc prevented from inverting sugar. Describes 
apparatus. 

22301. Xoremher 6. It. Schwerin, Berlin. Cf. 12131 (l‘.KX)). 
Describes apparatus for dewatering peat. 

1903. 

1717, Jan. 23. J. Doiill. Use of electric current in drying 
materials. 

14195, June 25. O. D. Abel for Siemens and Hahke -4. (J., 
Berlin. Elaborate discussion of electrical emlosmose and 

•' Brit. Pst. 92S7 (1914). 

«Brit. P*t«. 21448, 21488(1914). 

« Hrit. PstB. 956r.. 9568 (1918). 

« Brit. P»t. 9261 (1914); 

Brit. Pats. 6727, 7212 (191S). 
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cataphorvsis. Uso of (iiaphra^m aUla in romovin^ wator from 
poa(. Int*M'Ojstinjr to iioto that wator passi r, to H'fHie when 
cTirront i> pa^stMl through a jxinois ouji oimta nin^^ iron 
■* oxyt liioridt* ” (^rolloiilal forric liyilr«>\}<i<' i and (li«* “ oxy- 
ohlori^lo " is roducod to a jelly t^dewatermt' t'i rolloidul 
siisponsion with siih'setjuent formation nf an ron oxide 
jelly). Pariheation of “ s.uvharine jttioes.” 


IIHU. 

,/nfi. 4. }i. Ktrfl>'i\ Mrrnrl, f Ifi'uinni/. Appara U8 ti’on- 

tinuous) for <lf\vat« rittir peat. 

f'e/t. }(l. hitfui/ /-•)• t’'it f'fm'f’f/x”, v-wm. Atvi'tit'r, I x. 

'Htiinin'i Ilf>rh.s(, u l>e\vaterin^ peat. Ile.it.w apparatus 
and material. Cf. i I'.'tHt). 

4^4670, ^iir. i t. Ith/Xt/ /■■r Fdrfm frki', t'ortn. J/et </<•/■, I.m'iu.'t 
ti. /{/ uhiHij ft J/. I)e\vatenn^ j»eat. Inj.'eniouii 

apparatus for eourinuous operation, iamsistini; of t\v«» emUt*H.s 
belt fonveter.s, one of which tray be an elot'triMie. 

UtO’i. 

47ft?, Marvh S. IF. Simm. Ilewatering }>eat. Doubtful if 
Himm really uses electrical endosmose at all aa be ii|>ocl8«>a 
alternating^ currtmt. Mentions heating effect of the current. 

itm. 

2336, Jan. 3U. J. (J. Vt'ft'fj anti J. Dtjwnat. Electric^oemotic 
appar.it u.H for dewatering peat. 

10024, Apt. ‘40. Farhntrke. vxrm. .Meister, Lncimt it. firiinintf, 
ll'w.h.'it a M. I>e[>ositiiii» susp<mded parlitde.s on electriMiee 
by cataphoresis. Fractional cat.iphoresis, with especial 
emphasis on purifyiut' and dewatering clay. Ihdter results 
are fditaintfd by causing fresh snsp«‘nsion to enter cell by 
{Kissing elo'c to a cathode of iarec surface. In this way the 
sns{»t*iision {)a«ses thnuigh a dilutv«i region and settling out 
of impurities is faci limited. 

lOOU. 


10706, fi. li. Si'htV'rin. Productifui of electric current by 
Quincke’s iiiethod (diajdtragm currents). Claim is made of 
th«? us«; •if sttilable ebsitrolytes to increase ♦•ffectiveness of 
l>r<*c« H8. Im{)ort;mce of making certain that dia{>hnigm and 
li<{uid are in e<|ujlibriuin. “ Action of electrolytes is so 
great, it seem.s gcnerrition of current is dcfamdcnt nfion 
presence of ion.'t.” With «liai>br.igm.H of quartz, an alkaline 
liquid ({lyridinc and water), puta{«cd through under pressure 
gave the followitig results : 


Preii«urc. 

VolUf, 


Watts. 

10 

1 

0*01 

0*04 

20 

H 

...r.. 0*02 

0*10 

40 

U 

0*04 

0-04 

3^ 

32 


2-56 


The efficiency was calculated from the formula j 


Kfficiency 


volte X amperes 

presMure x dWhai^e of watw 



i)N ('<11,1,010 ('IlKMlSTUy AND ITS INDUSTRlAl, Al'JM.lCATlOXS. 49 


it was foiiiHi experimentally that the elficiency remain<i<l the 
Hjiine t‘>r each of iJie u))ove pressures but increased as the 
pores ill the diaphrii'^m became finer because the discharge 
of war r at (anistaut pressure was thereby lessened. 

lino, 

I ./mi. .. J*\ Ar/edtfr, ITmnhurg. Klectric sizing of paper 

( ealajilioi'esis 

Or/. ;ju. Aiftir/c atul (Jo. J*ropri(d<iry Ltd., Aleihourne. 
Drying timlier liy ehwtrical endosmose. Stand timber on 
end ill shallow vessel as cathode containing a small (quantity 
of condueting litjuid ainl connect toji of timber 'with snitable 
anode. Sap is driven endosmoticallj' out of timber into 
lower vessel, following which solutions of resin, sugar or creo- 
Hot(* may be driven in from aliovc and the timber impregnated 
w'ith preservative. 

1911. 

3304, Feb. 9. B. Schwerin. Accelerates process of electro- 
osmose (cataphoresis) by adding ewide (acetic acid, CO 3 , etc.) 
to those snbstances 'which migrate to cathode and doses 
(NaOH, NH 4 OH) to those substances which migrate to anode. 
Hastens draining of peat by adding a little alkali to the pulp. 
An interesting application of Perrin’s rule. In 2379 (1911) 
Schwerin patents use of acids to peptize substances (elutriate) 
which vvander to cathode and liases to peptize substance 
which wander to unode. 

11G26, May 13. B. Schwerin, .\dding electrolytes, especially 
NaoSO^ to peat. Data on improvement which results are not 
particularly convincing. 

17597, Any. 2. Felt-en and GuiUeaume Carlswerk A. G., Carl- 
siverk. Claim use of non-a<iueou 8 solvents in electro-osmotic 
(cataphore.sis) si'parations. Separation of dyes in al(X>hol, etc 

27931, Dec. 12. B. Schwerin. In 3364 (1911) use of electrolytes has 
been claimed. In order to cause deposits at electrodes to 
adhere more (irmly to latter add electro-positive or electro- 
negative [adsorbed] colloids. For example, peptizes clay 
witli a little sodium silicate, allows coarse particles to settle out 
and electrolyzes. With 190 volts and 1 • 6 amps., obtains 149 g., 
containing 6 .') jier cent, clay, in minutes. Clay adsorbs 
tdectro-negative colloidal silicic acid from water glass and is 
carried to the anode. 

23 1 85, Dec. 14. Gesellscha/t /Ur Elektro-osmoss {Schwerin). 
Frank/arl afM. Dewatering and purifying clay. De&oc- 
culates clay with dilute MaOH, allows thin slip so made to 
settle in vats, and finally treats in ** electro-osmose” machine. 
Electrolyte added 8 up{>osed to peptize clay and coagulate 
impurities. 

1912. 

725, Jan. 9. Gesellscha/t /Ur Electro-osmose. Frank/arl a{M. 
Apparatus (osmose machine) for purifying and dewatering 
clay. Rotating cylinder anode and wire gauze cathixle. Gir 
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eulatinij: device to prt'voiit imj)ovcrisliin''nt of r aspciieion 
between anode and cathi»de. 

i0:i70. Mat/ L J. JumesoH and O. //. /^<>nd->n I'Mecirit! 

enrrent passinl into peat at and nnder pl•l■,s^ure 10 Atin.V 

Current may be **ct»ntinnous or alternatiiiir” i '</r . and **de- 
eoinpoSi'S hytlrocellulose.” It in p^>t^^ible that tin- a iiTuatitit; 
current in s*>me manner breaks down the jell\ of peaty 
material. 

./t/tic IS. li. S''hirf‘rin. Cse of ♦•b ciro-o.-uto.-;.' s i oontO'c*- 
tion with manufacture of refractory articles, bake: without 
binder. 

t4-'Ui!K ./unf 19. H. Schiff'fin. Separates mixtures of dill'ertMtl 
subsfatice.s in .stjspeti.sion by fraeti'»nal e.itaphor* .\lno 

Separates by means of diuphr.iirms of diil’eretii pernte.ibilily ; 
Apparattis really a kiml of electric ••ultrafilter." 

Ahij. L. .1. dt'olh, Kleetric tanuiiit,'. Ib'tailtl 

of aj>j>aratus. 

/o, t ><■/. I'). fur < S 'hir^/’iu : Dry- 

ins? peat, clay, kaolin, etc. by [ir.-^.-.ure eouibineii with 
electro-osmose Klectro-osmotic filtration. I’ressure may be 
reduced from 20 atmospheres to 1 aimuitphere by combining 
electro-osmose (cataphoresis) with it. The higher the voltage 
used the mure rapid the filtration. Apinirtitns. 

24686^ Oct. 28, B. Bchiverin. Use of eleetricttllji charged dia- 
phragms in the fractional septtration of 8U8)»eDded colloids, 
dei>ending upon 

1. DilTerence in size of pores 

2. Differences in interface potentials. 

Klectro-negative diaphragms lend to hold l>ack electro- 
positive colloids and vice versa. 

29828y Dec. 27. (iesellsxchnfl fiir Blektro-o.xruu.sr and H. Illig. 
Improved apparatus for tiewatering and purifying clay. 
Cf. 725 (1212). 

1913. 

3434, Feb. 10. (re.ft’llschuj't /nr Flrkf ru-ns/nnsi’ {Srhu'erin^. 

Making ceramic articles without adding Hu.n to cause sintering 
at temperatures below melting point. No flux (steatite, 

' magnesium silicates) Deces.Hary with clay purified l>y electro- 
osmose, owing to the extreme fineness of the partfeb^s. In 
one case a clay treabHl by the osmose process siuti retl at a 
temjHiaitnre more than SiMf C. holow its melting point, and 
did this without the addition of a flux. 

0668, Mar, 18. ,‘i.L.C. Nwhtn, liordranx. Fleet r teal proaer- 

vation of railway sleepers (ties). Uses alternating current (?) 
and 1 per cent. ZnCl^ solution. 

10873, May 8. GenelUcJm/t filr Wektrit-OirnttM (/ichweriti). Cf, 
23545 (1912) Electro-osmotic filter with electrodes of hard 
lead. 

26061, July 21. Geeeltschafi filr Etektro-oemoM {Schwerin), 
Further mechanical improvements in osmose machine for 
clay. 
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IU14. 

6!W-}, Mm . li). Klrktt’o-oHmosr Alct. (jesellHcha/t (Schwerin'). 
Fill-Hit iti*8 ilvwatorStJK of pout hy previouKly Kubdividing 
»ujiti-ri:d inti IkiJI niiJ] and addiii*?^ oloctrolyti* such aw NaOH 
to tlio rati* of cataphoreHin and toidosmoso. 

07l,'/.<, Mm filrkl rn-Dsmottf Akt. (irscIlKchfi/t- (Schwerin). 

(’f. ti'.'.KJ ( llUl). AiMh adsorbi'd colloid before grinding 
jieai. ('olloidiii silicio acid or humic acids arc suitable, By^ 
iiddior sodium silicate o!»tains both a suitable electrolyte 
(NaOli) :uid eolloiilal silica. Adsorbed colloiil pejitizes the 
solid itid Iteitig strongly electro-negative in dilute NaOII 
hastei.s tile migriitiou to the anode. 

UJJ-iT. .Apt. 14. f /f.'tcfl.-ichttfl fiir Kh'hf rtt-t>'<titii!ii' (Schwerin). 

Flectro-osmotic jireparation and purification of colloidal 
silicic aciil. IMiU-es fi to lit per cent, sodium silicate solution 
betwet-n two porous diaphragms — one tiround cathode and 
the other tiround anode. By using a nentrtti diaphragm 
(com jMi.sed of earliorundnm jilus alundum) about the cathode, 
the iilkali is electrolyzed out of the sodium .silicate, and no 
silica is carried into the cathode compartment, since no 
electrical endosmose takes place through the cathode dia- 
phragm. With parchment above anode, no colloidal silica can 
get into anode compartment but soluble acids can do so. 
Obtained colloidal solution of silica in the middle compart- 
ment. Platinum or lead-antimony lanodes ; brass gauze 
cathodes. Typical “electro-osmotic” multiple diaphragm 
process, (’f. (Jerman Pat. 283,><86, Apr. 15, 1913. 

9261^ Apr. 14. (imrUiichn/t fiir Klehtro-omnrte (Schwerin). 
Making stabh* metal sols by using colloidal silicic acid as 
protecting agent, reducing metal silt with hydrazine hydrate 
and purifying sub:.'e<|ueiitly by process such ;i.s specified in 
9237. 

I1S23. Mmj IS. (icAcUarhaft /Hr Klcktro-nsmnse (Schwerin). 
Separating colloids, etc. by electrical endosmose and cata- 
phoresis. 

10849^ Sept. Id. ticHcU.<chaft /Hr Kle.kt ro-osinose (Srhwerin). 
Tanning and d.veiug by electro-osmose. Places leather or 
adsorbing snh.stanoe together with tannin solution hi com- 
partment hetw’eeii two or mon? diaphragms, impervious to 
tannin but piTvions to dissolved electrolytes. Claims simul- 
taneous [mrifieation of tannin solution by electrolysis and 
impregnation of leather. 

21189, (H. 19. (tcxelhcfui/f /Hr Elektro-tMiinutr (Schwerm). 

('hauges interface potential of diaphragms by addition agents. 
Thus (h*s0.it, maki-s a leather diaphragm more positive (leather 
adsorbs CrjOa which is distinctly electro-positive). Methylene 
blue (basic dye) makes viscose positive (viscose adsorbs the 
dye cation). Adsorbed acid dyes make diaphnigms electro- 
negative. Interesting patent ba^d on selective ion adstKtpUon 
or on the adsorption of charged colloids. 

21190. Oct. 29. Ocseltscha/t /Ur Elektro-osnum (Schtverin). 

1^/r ■n./fTl ^ VW tl fl (P\ Yit. It n ei..nrin 11 -uW' H * rrt-iih * lYiPi A * t¥> <i<TT.fv1h Tl * /yv m 
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r>*> 


Uses three irmphrafruis insteiul of two atul I'lueis "ni liijnor 
next the hides in a separate compartment between the hi«les 
and the cathode. Amule. eatlnnle uml iiides are iin uersed in 
water, (tn passini; <'urrent acid :m«l iri.^ie itiijuirif s itt tin* 
tan Htjuor are electrolyzed out ami carried int'> (he , uode and 
cathode cojnparUm'iit.s after whieh tannin said t ’ miirrile 
into compartment containimr hides. «l'rocess :.e.-ms ! >>iwdess|y 
complicaUal and not at all practical. Tln'ory ef p' 'eess not 
very clear. 

X*144S.‘ Oct. ;.'5. />’. Srhirt-rlu. (Sclatin *>r due place* between 

iliuphmjfms imjH'rvions t«> ^Intin and e!ectri>I> ^e>l a ■ ell con- 
tainin:; an<>de. cathotle ami celafin coinparim- itm. Seluhle 
electrolytes renu)ved and allurnins j>r<H’ipitafed. Ot erciuu* 
plicated motiitications are described, t’onibim'd i ;e4-trical 
dialysis ami ultratiltration process. 

i?14S.-i. :i>4. fiir I’U' kl , .V7,uvt</i). 

Cf. til 44 S ( 11 M 4 '). Uses hide or leather waste between 
diaphragms instead of "Ine. 


1915-1910. 

6727, May 6, Ktektro-osmost, Akt. <t*'SflLsrfnt/( ySchuTritt). 
Electrical purification of alniuius. ('f. 2144S (l'dI4). 

7212, May 13. Elektra-osnuae Akt. (hsfllitcha/t (.Vc/dcen'n). 
€^. 6727. Electrical purification of alnmina. * 

7590, May 20. Elektro-osmme Akt. Gnelhchaft (SckweHn). 
Use of centrifnge to hasten preliminary settling process in the 
“electro-osmotic” pnrificatitm of clay. 

9S65, 9566, June 30. Kl^ktriMsmose , . I kt. (re.sellittJta/t {StJiu'erin), 
Electrical purification of dye.s. Dye sri.spension placed in inner 
compartment and shielded from oxidizing and reilncing action 
of eiectrorles, by means of diaphragms impervious to dyes. 
Cf. 2144S (1914). 

11659^ Aug. 12. kUktro~mtnosf>, Akt. (ien^it^thafi (.SV/i/ccrm j. 
Treatment of clay. 

♦ 

COLLOID-CHEMISTKY IN' THE TEXTILE INDl STItlKS ; 

W. HaRRI.SO.v, M.Sc., LKtnrer in Te.rlile i'.hemiHiry, 

Th' Utiivernity, f.eeJn. 

Introduction*. 

Although a considerable araonnt of research work has been done 
on the chemistry* of textile fibres, particularly cotton, no definite 
informatfoD ban been obtained on the chemical const itntion of the 
snbstances composing them. The coiloirial nature of these snl^ 
stances always stands in the way of pure chemical rest^rch. There 
are many processes used in the textile industry where a knowledge 
of the chemical constltntion of the snlistances composing fibres Is 
nnnecessary, the changes produced being more physical than 
chemical. Chemists are naturally attracted by the idea that all the 
physical properties of a substance are dependent on the chemligd 
ermstiturion of its moleenles, hut the properties of colloidal barium 
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Hulphati* an* «|uit« ilifferont fn>ju thoHo of the crystalline Hubstance 
aithoiif^ii th(? flieiiiicul couHtitiitioii is conHi<lere<l to b« the satne in 
tin* two cases. The suf^j'esUoii has been madc^ that colloidal barium 
Niilphute fonsi^H of f^xtreiiiely minute crystals, but this does not 
ex|>lain tin* diflereuce in pfiysical state. The chemist’s idea can only 
be upheld by a considerabh* niodiiieation in the conception of 
inolec'ules as prest-nt itj solid substances. The Braftgs^ have estab- 
lished beyond doubt that the fundamental units of a crystal are 
atom.s, not m< le<;ules. .Many chemists'' — have cast doubt on the 
crystal motlelf. of the llraggs’. e.xcept that of the diamond, simply 
because they ife against tlie generally accejded ideas on valency. 
It ha.s be.'ii Koggested-' fliat one of the interesting problems of the 
future will be to reconcile the X-ray crystal models with the 
luolecnlar hypothesis. Since the X-ray models have been deduced 
from jtositive evidence whereas no jjositive evidence has ever 
obtained in favour of the mole<-ular hyjiolhesis as applied to solids, 
the author considers that it is the molecular hypothesis which 
reipiircs hn»adening. The original deliuifiou (»f a molecule was the 
smallest particle of a substance wliich could exist ; with the dis- 
covery of chemical jadymerisation this definition has been narrowed 
somewhat. The author considers that the difficulty of reconciling 
the X-ray models with the molecnlar hypothesis disappears if one 
admit# a crystal to be a polymeride or single molecule as snggeiNied 
by Langmuir.^' This idea has far-reaching consequences of Tery 
great importance in colloid chemistry, since the necessity for 
Emitting a high molecular w'eight as a special characteristic of 
colloids diftippears. A single crystal may be considered as a single 
molecule since it consists of atoms bound together by the same 
forces which bind together the atoms in the simple molecules found 
in gases. The molecular weight of the crystal is then proportional 
to its size. This view is entirely in agreement with the observa- 
tions in brownian m»>veuieDt i»f particles in different degrees of 
dispersion "which were shown by IVrrin'" to be explained by the 
kinetic theory of gases. There are nmnerons other consequencwi of 
the idea <»f considering crystals as polymerides which it is not 
intende<l to discuss here. 

KegJinling the chemical nature of fibres, chemists have divided 
opinions, some considering them to be very complex bodies of high 
molecnlar weight, others to be physical forms of insoluble substances 
of possibly low molecular weight. These opinions may be taken to 
be identical in the light of the idea discussed above. 

In the case of vegetable fibres, the suggestion has recently been 
made” that the fibre substances, celluloses, are liquid systems ; this 
brings forwarti the question of reconsidering the definitions of 
liquid and solids. At present, thtjse are' somewhat rigid and bodies 
possessing properties of both states of matter are considerod to be 
mixtures. The author does not hold this view, but considers that 
there is no distinct line of demarcation l>etween the solid and 
states any more than there is between colloidal — and true—solution. 
The semi-solid state of many colloids does not necessarily imply the 
presence of both solid and liquid phases. It is, therefor, still an 
fliToiem onesftJ.oim wIb'«ft3V'.A« tha ooIlmloBOS are mono— or diphasic systems. 
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IDIS. 


The tibrert iniuiy pliysii’al properties io ctoamon with 

other eollohls such as iuiliunibhvr and gelatine. 

W'heu subjeototl to strt'.ss in a dry eondiiion the\ Kecorn- •b’loruiiMl 
and aequire iiuTea.sed double rofraeiicn vshieh |'fr-.i.''s when the 
atresa is removed,*- This inoreased double rerraeiloo rbows tin* 
preaeuee t>f extra internal stri'sses resulting from ib*- def "rm.ilion. 
When placed in a solvent which tetids to j>rodnee swelln ' water 
in the case of tibres — these extni ittternal stresses di>.if»pe.ii and tint 
fibres reg-ain their original .shape. Wht'u compressed uiuiej l>oiling 
water nuKst tibres become permanently lieformed, no iniernai -^tre.sst s 
being produced. 

These theoretical point.s have an important bearing <*n many of 
the phenomena met witli in the treatmtutt of textile inateriala. 

» 


(A) Introdurtum. 

• Von Woimam. Grmndin*fe d«r Ditpfrmiti Leipaiig (1913). 

» W. H. Bfiigir and W. L. Brajre. /W. /?ey. .W. A. 87, 277 (1914), eU)|iB«e al*o 
7to»m. rhem. &>e.. p. 353 ( 1916). 

• A. Hmits and F. E. /*o«*. K. Akad .\niMtonlain. 10, 432 

(1916). 

« A. Fock, rVi»/s. .Vi/,. 392 f I9lf,\ 

* J. Beckt^nkaiiip. ifiiti. 97 (1917 ). 

* J. Htark. Jahr. Iiati>i»iktir. A7e< '('.►«»!:, 12- 2^0 (lal.'o. 

^ F Ktnne, 96. 

^ K Pfeifft'r. lAi,/.. 37 ^i ( m :>\ ; 97 , m i 

^ H. 3T. l>aw?»oa, .-•!««*/(// 

J. Perriu, I*rtnvni*iH ttful 

** F. ("rom, J'f*\*uleiihtit Atitirt HA rs* s*>*\ *f:rJ t ,*/.»(, 34t 1-^ < 

W. HarriT^on, Pnh\ S*k\ 94 . ir,»> ( 

.28 22‘il iVjVk) 

Tinker. /V^r<^ *N>r. A.. 92* ‘ 

w. Mfvller AV/. 19, 2fr., jir. 1 . 20. ; 23. 

J. U. Katr, A*'U. / ’*«. 9 . ^ 

Kachmann. 9 , f ItM n , U, J %*» t . 12 i WnXt . 23. ‘' s 

alS4f ( hrm . 73* ’ ^ * > > 79. < ItfTJi ; IQ'K 7f; 

Debye 4t Scherr^T. /,*>>!., 18, ( lvl7>. 


("uUnn, 

Kegarding the eheniicul con.stittuion of (he substance ,»f the 
cotton fibre, six formula? have already be«‘n prepo:.,*d, but none of 
theso have l>een ♦•stablished. ( kefs. 

(Jross originally held tluit the cellnlose molecule >\,ih large, being 
com|Wwt*d of units of a certain type bound together ; tJrecn f ivonrcd 
a simple formula. In a recent addre.s.s ( Itef. .A.”)<’ross stated that 
there are no grounds for the aH.Hnmptt<ni of larg». niolocul<,.s in filic 
strict chemical sense. He coiisitlers that the celluloses are liquid 
systems capable of large volume changes :»inl also solution -jiggregates 
of amphoteric characte.r. He suggests that, the units in the c<dlulo80 
aggregate? may have dimensions less than ();. One difllcnlty in the 
way of the acceptance of a very simple formula for cellulose is the 
number of hyfiroxyl groups which chemical inethoils prove to be 
present ; all the bodies of the sam?? chemical com cion, known up 
to the dimension Cj, having a corresponding number of hydroxyl 
groups are soluble in water. ^ 

It is quite likely that the units in the cellulose aggregate are 
bound together in a similar manner to the units in a crystal, although 
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not ill .» Ah almaly HuggeHted, thore isno 

iif.'i'KHiiy tu ill iciiKH tht' luolfcular weight of the cellulose colloid 
ninee it only < vints in the solid stale. The ILbre itself may bo con - 
Hider<‘<l lo he i ino|i‘< ul.- in so far as the atoms composing it are 
honiel logethe’ in tie* same way a.s in any other molecule. 


Meih .ini<-a! disitilegr.if ion produces changes corre.sponding to 
(h'polymeri.sa! ,'tn, 15-'' in i)ie same way that mastication is 

coiisitlered i*. produce deindyuierisation of rubber. (Compare 
Jt/urti. StM\ ('iif'nit. J/tiL, 37, 31.'l.\ (lltJ5).) 

The stihsiaiice of the cottoti fibre is known in many colloidal 
slates ; in tlie Ohre itself it exists tis a porous, adherent mass, showing 
turbidity in the ultnimicroscoiMJ, which indicates amicroscopic 
Btructure. « Treatment with sulphuric acid of 1'70 8p 6 causes the 
hbre to swell and eventually pass into solution. In the swollen 
stftte fibre shows a distinct granular structure, which the author 
snccutiobd ill photographing.”'^’ Since the acid acts in the direction 
of solution amt not coagulation, the author is of the opinioh that the 
structure of the swollen fibre is an extension of that of the original 
fibre, this extension allowing the structure to be resolved. 


The double refraction of cotton fibres ha.s been shown lo be due to 
the presmice of internal stresses, which become active when the fibre 
is softened.”' There is no doubt that the cellulose is in different 
colloidal statesfin different j»art.suf the cotton fibre, the outer portions 
being more solid than the inner. There are markings on the fibre 
(Refs. which have physiological importance which it is not 

proposed to «liscus.s in Mils review. The colloid chemical investiga- 
tion of cotton imiicates that it is first formeil in somewhat gelatinous 
fiUiuient.s whieli harden fmm the outside by drying or by some 
chemical change. • 


The following e.Ktract from W. L. Hall’s observations on the 
development of cotton apjH'ar to be in agreement with the view just 
exprt‘sstHl : — 


“The full diameter of tiis seeil hair is attained almost at ones, 
when its length is only ,’o m.u*. while its length continues to in- 
crenss until the I’.'ith tlay of development after which its wall begins 
to thicken, giv'ing strength to the lint. This thickening is not 
uniform but leaves simple pits in the wall set obliquely, and the 
closure of these pits when (he wall tlries after the Itoll opens, gives 
ttifist to the fibre. The uninueleate cell contents rsmain alive until 
the boll begins to open, when they <lie from desiccation.” 

“The Cell wall is extremely thin for the first three weeks and the 
cuticle which covers it can scarcely bo differentiated unless the 
wall has Ih'cu swollen with Sebweitaer’s reagent when (being 
unaffected by the ammoniacal copper oxide) it causes the familiar 
beatled appearance, the cellulose of the wall swelling through the 
torn places in the cuticle.” 


The difference between the outer cell wall or cuticle and the 
inner portions of the fibre is most probably one of colloidal state” 
and not of chemical nature, A similar difference exists between the 
outer layers of starch granules and the inner portions and it has been 
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Tht* colloidal stino of ccUnlosi# is moilituHl iu the *ii reel ion of 
distonsion by treatment with strong alkalies, eaustie Ho la. eauHtk* 
potash tetramethyl-ummoniuin-hytlroxide and by several othor Hub- 
stauccH. A still ijreaterdejjree of swell inj,' is produced «b« u eoti*>u is 
over\vorke<l in the hollundor nseil iti the juipor-inakmir in lu.stry.-' -® 
The inaxiiniiin d«‘i;ree of dispersion is attained when tin (•oiton is 
treated with cellulose solvetus. 

It has been observcil that freshly precipitated cdbilosc ;s soluble 
in caustic soda but that this solubility disKippcars wln n th cellulose 
is dried. A similar chauirc is produced when precipitated snuvh is 
dried. These chanj^es are the common result of jfol-deUy-i' ation. 

loiline forms a useful reagent in eonjunetiou with - ' liatini; 
iigents such as potassium codidc, zinc chloride and sulplv ric aei I, 
for inuieaiing the different colloidal states of ♦•eilulose. Th* stretiK'th 
of hydritinjt apmt retjuind to ftive the blue colour indi ates the 
degree of dispersion of th*' cel!nli>se. It is interestinir to i.ote that 
starch celluloses can be pr<-pareil which give the blue <'oloiir with 
iotline un*ler the samec*»udition.sas cellulose. -- This <lo*\s in ' ne<n-s- 
sarily iniply that th*.'re is any clieiniea! ndatioiishif) between >iareh 
and eellulo.se .-'ince th*- Itlue ♦•ithuir ha.s been slntwn t" be ilno t*» 
colloidal i»slinc auil numennts 8ubsiaiic*.'S have been ftmtei whi«‘h 
give the reaction. 

( B)* / UVl/r# . 
of Uo/oron*'**, 

• Cross It BevftHt ami Hoitmrohojt. 

* 8ohw»lbo« J>u 

* W<»rdeii, XUr^cMMme induMr^. 

• O, N, Witt» Terh, (!8d^). 

• Bowma, Tk 0 8 tr»teiur 0 of th^ Fihr^. 

^ H, Die DaummAle. ♦ 

^ Flaltors^ The Celtm Plant. (IlKHi). 

* W, L, BallS) The Development ami Pro/pertiejf of Raw f*otton^ (1915)« 

Ito/rrf'Ore*. 

Toilens, Jfandhuek tier Kohhhytlrate If,, 252 

** Viipioii, DhIL Soe, Chem,^ 21, (IMin*). 

Bermidoo, (Compare (2), p. 

** Cress k Boran, TrufM. 79^ 

A. O, Creen, Jaurn, Sor. 4' (*of4, 20* I *7, (!?><>»)- 

**Cros^A JBevau, Ihid. 32* 

A. E. Huaderlafifi, IM. 32* Ty), 

*’*' Cram, Tranj*. f hr.ot, , 1, 

** Holler Jacob#, Journ. S*h\ Dyerjt 4 ' t H, l+r», 

^ H. Be Moseiitba). Journ, Soe, Ckttn. /W„ 23* * 26* rrjo7). 

Haller^ Zeit.Jnr Farben n. TojrtU Cbem,^ g, TJo, (IIW)* 

Beixof^, Kell Zeit.. 5i <lt>0U>. 

W* llarrison^ Journ. Sor, Dyrrjt 4' foh, 31* (IDIfi). 

W. Harrtiiion, TranJt. A>/. fWton Mnnfr»., IQl* 20K (tlUO), 

Haller (Stroctore of Cotton), AW/. Zeit,^ 20t I2T, (1917), 

« Orosa, Papier Zeituny, 33, 3216, ( 1908>, 

Brigge, Papier Fahrikant, 5t 2*»44, ( 1907) ; 4li, (1910). 

Fenton (AoHon of hydrcxsliloric aeid)« Trane, Chrm, Sifo,. 73, 551, (H98) : 
42T,(IW9) ; 79» 361, 807, (1901) ; M, 119J,(I91I). 

*» Sn i m tia t: .Schaeffer, /Her.. 4|, m», ( J 9U>). (Dry dktilUtloii of cellnloeo). 

** Plcteiilid Ihnadn, Ctmp. It^nd., 2R. (t)rj (U«tniiiti»n>of celiultMW 

and starchy 

JIm4. ZH, phve, Zfoft. (1918) pp. 8-52. 

Vort, Jtmm,. Bee, Deere if (*ele, 9. f 
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S. J pH, Jhtil. 34. 

’* W. 1,. llallH. .fount. Sof. Artu, |t. .’'M'j, ( MOM). 

I'. Cro.>H. ./oiirn. A..,', /hj.-r* .V t’ol^. 34. al.'., 2t7. (1918). 

W, liurriM))! /hui, 34h -1^. (I'U'H). 

Kiucht ^ /offi. 34. 2J0. (IJMm). 

/ 'omjutn nd (Vllnhtjff* : 

^ iJi.t, n, fVUuh);c,\ j)|>. 's’J 

Sjhw.iUM*. ifi*' f \ {J nln)n\ pp. 

StO<’k-t, /ir' a* jutrt tm CoUthd f'h* unAf pp. 58 <11, 

A ft t Of it! ( %'f / tt /# 

*•' \ ' rt*i * ! ! I f(/i u^t ttj . p. 1. 

** Irvin«\ I m . f 'ht?n. Sn\, *jr». ,VU. (190‘.<). 

CtUulnsp Sohft iatiH, 

'rii<< (1 solutioiiH of collulosc ire really colloidal Koliitions. 

'The bc.-t known Holvcntsar*- Schweitzer’s rt-au'cnt, '• zinc chloride 
Koliitiou and Milphnric acid. Nunierons other solventB have been 
found in re<'eipf, years. ' li<‘Centi y, ’’ it has been stated that cellulose 
<aiu be dissolved in solutions of most salts when heated under 
|»r«'8stire. 

Hej'.udini/ the solution of cellulose in ainmoniacal copper solution 
Cramer '* came to the con dusion frtun o.smotie measurements that it 
was a true solution. Erdmann. on the other liand, considered it 
to bt! a very highly hydrated gel. Cross A- Ilevan “ expressed the 
view that the clipper compound combined with the cellulose to form 
a colloid double salt. The dialysis of these copper solutions has 
been studied by Grnnianx who came to the conclusion that it was 
the non-dialysable portion of the solution of copper hydrate in 
ammonia which acted as a solvent for cellulose. 

It is important to note that cuprainmoninm hydroxide is not so 
strong an alkali as caustic soila. 

The Solution of cellulose in ammoniacal copper solution has been 
stated to be optically active a view which does not appear to be 
sniistan tinted. The solution of cellulose in hydrochloric acid is 

optically inactive. 

(C) (Withm"* 

* Compare B,‘ 

* Com[iart» 

* eVapt'k, drr Jona. lUor>, 

^ Alxlorbaldi'n^ /fuu'hem IiiindU'j'ih<*H^ iWrlin. IIUI (II) CelUilotte. 

^ SchweitXfr, Jonrn.fur pnikt. ('hrat, 78- ^^*1 (1857). 

^ i>«>min]^, JoMrn, Am**r, Ch^tm, 6W , 33f (11111). 

^ Woimani, KM H, 41 (llUS). 

» (bramerf f^raht, TA^'W., 73? I (1858). 

Ercimaoii (Coin|>are H*. p. 11). 

»• Crowi & Bevan^ Textlx)ok of Pa|H'rmakinfr» p. 8. 

>3^ (^rutuaux, Cififip. 98> 1885. 

» H. M. IHwiion, Trnnjt. Ch^nu .Sbc. 89. 1068 (U>06) ; 96, 370(1909). 

»* LevsUoi^ UM Ch^m. (2) 43? 616 (1885). 

UTalloia, ComtK Hmd., 9a «72, 732 (1884) ; 99, 431, 1027 (1884). 

w Beohamp, Ibid. 99, 1027, 1122 (1884) ; IQO, 279. 368 (1886). 

Wiil«tatt«r k Zeohmeiater, Ber.^ 4<^ (1^12)- 

Jeum./firpraki, Oksm. 78? 873 (1858). ^ 

Lehnefi 19» 1634 (1906). 

Mulder, Jahr^ d^ OSntw., 566 (1868). 

*1 IHmller. Z 0 it. mr F^tbm Ind. 6* 126 (1907). 
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i!HH. 


i 'otUm . 

It was first obst'rvrd by M«'re**r * * thaf lilu t's sin nk \ylu>o 

they arc treateil with coucentratt'd solution.'' of caustif ,-o i.y 'I’liiB 
shrinkage has been shown * to he eanseil by the lunion *11 internal 
streHsos present in luitunil cotton fibres. If prevented fron shrijik- 
ing while under treatment with the alkali, the tibre.s ucijuin' an 
increasetl Instre. *“* Lange ** conaidertHl this lustre to be tlu*- to the 
smoothnees of the surface of the mercerimi fibres as comjiaiT**! with 
untreated cotton. Hhbner & Pope ® snggeated that the formation of 
rc^lar spiral grooves in the fibre daring mercerieation was the tniniw 
<lf the Instre. This theory has been shown ^ to be untenable. lunge's 
theory being subetantiaily correct. The shafK* of the crcMts-section of 
the mercerised fibres has been shown to have an imiH»rtant )>etiring 
on the Instre. ' 

The amount of caustic soda al»sorbetl hy cotnm dnring merceri- 
sation has been investigated hy several workei-s.** Vieweg’* 

observed change points in the curve of ah.sorpt ion hut .Miller found 
the carve to l)e continuous. Clayt<#n Ucadlc A- Sieveu.H *■' made some 
interesting observations on the al^sorption «)f cau.>«tic .s»«la by regener- 
ated cellulose which have an important bearing on »his subje<'t. 

Mercerised cotton has properties which ‘lifl'er from those td 
ordinary cotton in the following maitner : — 

It grinds more pasty in the hollander. ‘‘ dissolves ijuicker in 
solvents, gives a greater yield of l.en/oyl ib'rivati ve, **' gives nitnites 
more soluble in solvents but giving' b-ss visi ons '•olutions and 
gives a blue colour with iodine with :» less mtieentratt'il .-olntion <»f 
sulphuric acid than ordinary cotttui. ' In th.- la.Ht oas«\ the apidiea- 
tion of tension during' merveri,'>atioii has bt eii shown to modify the 
reaction. 

All the»*> pro|>erti«‘S are in agreement with the view that 
inercerisation prinlnces distension of the fibre — colloid. 

Mercerised coinm appears {«» revert ittwards its original condition 
on drying,** or on treaiinenl with alcohol.-^ t»reeii“ considers 
this reversion to he ilue to anhydride formation, but the author 
thinks it is an ordinary case of gel-dehydnition. sinci.' the same 
effect is prodiice<l hy pressnre without the application of heat or 
chemical rc-agenfs.*-' A similar change is produced hy pressure on 
wet nnmercerisetl cotton,*’' the efTect lieing much greater when 
heat also is applied.*" 

The internal structure of cotton fibre.'?,-*’ and the internal 
strewses present in them (A 12) are considerably tnotlificd by 
mpreerisation : these clianges p<‘rsiHt when the fibres an* <lricd. 

The dyeing properties of cotton,** ** and its re-activity towards 
certain re-agents, are modified in a similar manner to that produced 
by caustic alkalies, when treated with solutions of sulphuric, 
hydrochloric*" and nitric acids**^ and zinc chloride.* * 

(D) Merr 0 rised Viftton, 

^ CttHm ic Bevan, I. p. 26 * 

* MercerUaiitm, 

* Mercer, J^feand Ldb*mrM of John Mercer, ParoeU (Longman*, Green), 1884. 

^Mercer, RF. 13296(1860). 

* Lowe, E, F. 30314 (1889). 
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^ Tlf'iuai A. I'rin'o4, I). 11. I*.. (IS'.ii;). 

• llurricun, .l.nn-n. So.-. Ihjfrx .(• /W*. 31, |‘J8 (I'JlaJ. 

“ h'lii Vr /.eituiuf, 1!»7 (lf<y,s). 

» Hlil.imr A I'oiM-, JoHrn. S<>r. / /(,;/«. /iid.. 22 - ; 23 - ( 1904 ). 

•" 11 Ulmer. J'lid. 27i 119 (19'W). 

•' Tran*, f./trm, S/r.. 17, (1802). 

'» Crun), /I 'd., 16, 10»i. 

'» Vluweif. //rr., 40. »,S76 (1907) ; 41. 3269 (1908). , 

'* .MHlcf, Jirr., 40, 490.1 (1907) ; 41. 4297 (1909) ; 43, 3430 (1910). 

CI»;ton BMdie * SteT«aa, Journ. Siw. Uyert 4* CW#., 30> 244 (1914). 
w Brigga, t>apigr FairikaM, 6, 2644 (1907), 
n Ctom, Pafrisr Zeitung, 33 , 3246 (1908). 

** Wlohelhatui k Vieweg^, Her., 40, 441 (1907). 

»■ Zritfur nagnc Oim., 22, 1221, 2012 (1908). , 

** Berl. Zeit /ur Sehu'u aiul Syrattywenrn, 4, 81 (1909). 

** Copley, Jnurn. tine. liyrr* ,(• f.cl*.. 24, 72 (1908). 

*» Oroen, ib,d. 24, 72 (190,8). 

” Hubner A TelWchef, Jnurn. Snr. J>id.,28> OH (1909). 

*« -Miller, //er., 728 (1911). 

« Iliilmer, E. I*., 1245.> (ItMiH). 

llarriaon, K. 1*., 16276 (1908). 

^ Palmer. E. 1’., (I‘»n9), .Septemlwr. 

*‘(:rum. Trim*. Chrm. .S>e., 13. to4 (1863). 

, ** Krarikel A Fried hinOer. .Vitl. d. k. Trrh. (irn\ Jfii*. tt’ien, 326 (1898). 
MmajelT. Znt. Farh*n. liui., 1 and 17 (1908). 

’• M)itnj<-lT. /rif. fur Fixrhi'H and Text dr (hem.. 2- 9.'>7 (l‘.«)3) ; 4- 81 (190.5) ; 
6 , 3,19. 34.%. 15. 233. 16- 2.-.2. 10. 309 ^1907); 7. 1 (190K). 

5> IlalliT. ,hui. 8, 12.'. (lyuT). 

« Kell. <,d.. 20- l-'7 (1‘.'17). 

Mu,4li-r. /.eit. fvr Fitrhen ,md Textile ('hem.. 3, 2.51, 332 (1904). 

*'■ K,ie.;lit, .leurn. .Sir. Ihjee* ,V t'xln.. 24- 6'' (190.\). 

Kne«'ht., , 24- I"' (lyo^) 

*■ KtH,-ht. ,h»i.. 12, (1891). 

di'itr.i. idii/r, C’le/ii. 20 - •!“, 1 '*^ ( 1916 ). 


llydroccH ul(t.<e. 

Tint dilute mineral aci<ls lijdrnlyse cellulnst* forming a pulveru- 
lent 8iil>8tanoe termed ‘ hydrocidlulose * ami a sugar haviug the 
same rediioing power ami optical activity as ghico.se,’*’ '** 

Dcniiatn and Wtiodliouse’’ hy the hydrolysis «)f methylated 
eellnlusc liavc obtained iiuohyl glnctiscs. This points definitely to 
(he conclusion (hat glucose is formed by the hydrolysis of cellulose, 
idihough (Voss'* c<,nsidcrs this to he still an open question. 

The author'' has .«ho\vii (hat l»y<lrocciJnlose may exist in several 
different coll»»idal shites and has .‘•nggested that it is a form of cellu- 
lose containing adsorbed reducing bodies. Giiignct's soluble cellu- 
lose''" is probably a similar form <»f cellulose not containing reducing 
agents. 

The Jiction of chemical reagents on a solid structure would 
obviously be to attack the exposed surfaces ami tlissolvc* them away, 
gradually reducing the siae of the solid jjarticles, witli consequent 
modification in colloidal state. 

(E) tiydmecilvlim'. 

* Grosii A Bevati, f'xlluloer. 

* Schwalbe, Die (VI/mAmc, p. 211. 

» Ghanl, Amm. ('hem. Pky*. ( 5 ) 24, 542 370 ( 1881 ). 

* I' lechuig. Zeit. PhyMud f'hxm. % 623 ( 1883 ). 

A TTSmrrrri/rhini 1/ VmrllA »» H 
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I^U8. 


^ C, Ko0chlin, lUtU. StH\ .\fu!hin<sf', .'»r» 

* Oroe»i< A: Bevan. J^ ur/r, ( hfm , Inti, l»Syii> 

* TftiH^. i'htf'i. S.u\ tJ 7 ’ *' * 

^ Tollens A: Murinur<»\v, 34^ * ^ 

Morck A: Walker, Ji^ut/%^ In^sf. I3t» 

** Soh\valbi\ Zr‘{/. ;'ji/ a/tfjctt' ( 20. air*> 

Buttiief vV XeuuruiiJ, Sjl. -»> **J < O**^*') 

0:*t. vk Wilkeuiuj^* A a . 34- <lVl«U 

** Cr*>«i5 A: Bevau, /^d ^ ’*»*<*; *■'^4 13. ilW,*' 

Ilarri^Hxi, */*>«#•/«. *v»e. nt /**/7*. *j‘i> i It# IV). 

WillstaUer A: Zeehiuei?»rer. AV*', 46» ^ lyl.S) 

** IHjuham A: WnKHihoii.*e, f''u*>u. >.'4 l 7 lo. ( iyi 3 ) * '..‘1 1 » ;m t iy! r > 

** runuui^ham, t^fui. 17:5 ^lylM 
(Voew A: B«H'aii, ihuil, !S.> |yl^> 

* Guii^net, 108 * 

Fort A. Fickltv, N>.-. i (W^. 31 , L »55 

^ Jimrn. *SrN\ Ch. /«♦/, TS 

Oxidising agents attack cellnlosts prodncing IhkIk^s* ^ ^ simi- 
lar in manv respects to hydruccHalosts ^ ^ ^ in fact no lest 

has yet been fomul which detinitcly diHtiuguiHhcs hot ween tht^ie 
substances. The siu^gcstion has !)coii inade-* that f>xycoUii!ose con- 
sists of a form of ccJIuloso cotuaiiiing adsurbc<l r«*ducini^' subj^taiicos 
which mayor may not be similar to cIuhm pri‘s*>ni in liytlrot^cllulime.** 
It is interesting to note that ox ycollulo?^* is f»»rmcd by tin* action of 
light on cellulose.^" 

Cross ami Bevuir'” observed that blcado^d <rotton relaincd the 
power of liberating iodine from potaSn'^ium io»li<le much longer 
than the presence of a tniee of ii\ j>oclib>ritc woulil account for.^" 
They eotisidered th:n a peroxid** \\a^ formed. made u simiiar 

observation in the acrion <*f aiiimoiuum persfilphatc on cotton. This 
etfect may he due to adsorption by the fibre-colloid,^* 

A similar elfect has been noticed in the tuition of ty/one on, 
cellulose.^* , 

{ F ) Oj*^r 4 til uli 

* CroHft Jk Buvan, i 

* HchwaUie, D*e OlhiUt^e^ pj>. 221 -2 >7. 

* WiU. Hull WrHt fA, 10. H7 (IS.^2) ; H, 22lo 

* V^efillart, ^hui,, H, JM 

^ FermeOer, */>///,, j], j:iK ( 

Schmiilt iHHfjUr 4 2.v^ 27s (IHs.i), 

^ Vtom Ac !i#3van, Tran^, 43? . 46* ^^7 < 1SS4 >. 

* Wit* ic i>4mofui. //«//, St^\ 45? b*> ( ISSft). 

* Wiu K Osmond. B^ r, (3), ;ns ( IHSB). 

Xa»tjukclf. Bull 62. *^3 510 ( IS92), 

Cross, fioTan, Ac Ikwllo, B* r, 28 . (IS^h 
»* Bulb Trawt. rhf^m. S»r, 71, I0W-IO07 (lS»7i. 

Vignon, Bull AW. Ch4Pm. (3). IJJ, 7y<i (iHtiS). 

Von Faber Ac ToUenu, Ber. 32? 2502 (ISUS;. 

Bumcke Ac Wolffeii#»tein, //cr. 32 . 24 S 3 (IH 92 ). 

Naatjokoff, Ber. 33, 2237 ( IIMS^, . 

Xaatjokoff, Ber. 34, 7^2 (ltWJ)l). 

Mnrmnrow, Hack Ac ToUenw, Ber, 34 , ^^^7 (1901). 
w ^6^on, Bull Soe, aiem: (3) 26? (l»0l). 

» Knotty Zlet.fur Farb, and Text ilchemie, 1, 46 (1902). 

»» Vlgneik jffa// BiJC. (3) 29 , (1903). 

•• Bert (k. KJaye, Zrit SchUs* and B^n^eugweerm^ 2 , 9Sl, 387 (1907). 

^ J*rahi* Chem^ 78, (1903). 
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Srholl, /// ' VMJ ( HMD. 

IvriMMi^ Jo 'VI. //W /'Vi/a. gg, i>6<> (HJJO) ; 

ll.irn'^un, *Hrft. .Vt. />yivv ii/i/Z 28 i (PJ12). IJi2 

/ V/ / /V roxuie. 

A .an. Ait. t'tum. 19i 

|U»s » ’i Si Hriijj'rt. «//?//., 20» (iyo7), 

Dit/. /,,/ 31. «:,7 (l9o7). 

H.inkf, J /. 31, ( PJ07). 

/' ii4Ui«’'rni.» Hi, yt*(. /« » t'fum. 20f 12H<i (iy«»7) 

Iht/. . jtritkf. ('hem. 78' (!1><>.S). 

C*run«itu*^ -/HI. ('hem. 32' (I90.'i). 

i'e.U alone Ozonule, 

iKirr^j, J eann. ('hem. S**e. 101, 4‘J7 Cl»l-_>). 

Artion of Light on t'ellultme. 

** il&rtlejr, t^roo. Jtoy. Hoc. B 78. 385 ; 80* 376. 

•• H*rtley. Tfan*. t'hrm. Soe. 63. 343 (1893). 

” BWTiMO, Ja^rn. l>g«r$ and Volt. 28. 225 (1912). 

» Dotfe k I>y«-, ibid,. 38, 19 (1917). 


CeUuhm Nitrates. 

When <‘ellulo«e its treate.! with a mixture of sulphuric and nitric 
acidfl, «*8ter8 are formed containing nitrogen in quantities varying 
with the conditions of treatment.' "*' ‘'”** Many authors* *• 

have attemjired to classify the products, according to degree of 
nitration, info nitratHS of definite molecular composition but there 
seems to be n«i break in the curve representing the amount of nitro- 
gen introdueed by dllferent concentrations of acid.’’ The sug- 
gestion has been made"’ that nitroc'cllulost's are a4lsorption compound 
but this vi.'w d.rt‘s n<*t apjK*ar u* have been sulMitantiateti.*^ There 
is little doubt that tnu> esters are formed, but :ts the cellulose is solid 
(luring treatment, the reaction must take place from the ex|>osed 
surfaces, wheitirr <*xternal or within the porous stnicture of the 6bre, 
and the di.grce of nitration must be deptnident on the colloidal state 
of the fibre substance. 

The viscosity of solutions of nitrocellulose" " "* vitry with 

the conditions of pnr'}.>iirati(»n. A nitrocellnlose after solution and 
reprecipitation has l.i.en shown t<» give a less viscous solution than 
on*‘ directly dissolved.'- Similar changes have l>een observed with 
rubber solutions. 

The b«diaviour of nitnited cotton towards polarised light has been 
investigated by severail authors •**''**** and many interesting points 
brought forwartl. ' * 

(Q) CoU alone Sitrate*. 

* Cross k ItevsQ, I 'ell alone, p. 38. 

* Sohwnllie. />»<? (’ell alone, p. 270. 

* Schouhsio, f Head. 23, 678 (1846). 

« Otto, ibid., 23, 8'17 (1.846). 

* Crum, Priai. Phil. Sor. (flangow, 183 (1847). 

* Eder, Her.. 13, ISO (1880), 

' Kneoht, Journ. S,w. Dgern it (M*., 12, 89 (1891). 

* Veislle, tlomp. Pend., 95, 132 (1883). 

* Lielwohatx, jlfoM. Sei., p. 119 (1891). 

w Vignon, Comp. Send., 126 (1898). 
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** Lting^, Journ, Aint-r. 23. I >. 

** Berl Jt Kinvo. y/on. Si‘i. (i), 53, lo3. 

** MoiWkDtiial, JvHrit. Skh' /W., 202 (lOUl). 

•*C«>«8 Jc Bevao, <W/a/aw (pp. 30-41) lU»farch^$, lOO.’J ItHMt, 43 ; ilhio, 3, 

p, 87, 

“ SMpoaoluikow, JomrH. Rmn. Pkjtt. Ckfm. nSw., 35i fiCS.tHKM) : 36> ***•'** '• 

88, use <1906). 

(Sm al«o 7tk ImUrtuU Conf. Appt. ('hem., London, p. 18). 

M S. Justin Ma*^ll«r. AWL 8, 49 (1907). 

‘ » Arthnr Muller. iM., 2. 173 (190T). 

Moeenihal, Jtmrit. S>h\ €hem,^ Ittd. 443 (1907). 

'» Pieet, Zeit. Vhem., 82. 1215 (IIKKH) ; 23. 1009 (1910). 

*• Berl, Sehei^jt and 4. •‘'I * 1909) ; 5, 254 ^lOlO). 

*« Schwartz. Roil. 12, 32 (191.3). 

» Ambronn. AW/. 13. 20t) (1913), 

” Knecht & Lipaishitx, St>i-. /'.Vm, /«</. 33, 1 1** 1 1914). 


(hu/anir /"Jiitet's of (^ullulme. ('eUulnite 

Cellulose forms e.ster.s of acetic aoi*l when treaU'il with acetic 
anhydri<ie in presence of coiulensini' aitents.* *- The luu.viniiiin 
amount of acetyl jjroups which can bt‘ introduced without nu»ditica- 
tion of the cellulo.so e*'mj4ex corresponds to one half of the number 
of carls>n atoms j)resent in the cellnlose’ It is pos.sible to introduce 
more acetyl trroups but cou.sidenible mo litication in the cellulose is 
produced. 

The solubility of cellulose acetaie.s and the vtscosity’" of its 
84»lutious varies with tile conditions of prepamtion in a more irresjular 
manner than the nitmtes. Kven under apparently tdeiiii<-al con- 
ditiotts, different results are som«*times obtained. 'I'he e;ise with 
which the colloidal .stat** «.f the cellulose in cotton hbrcs is chanjfed is 
possibly the e.xpiuikution of thus** differences. 


Cellulifse J-'ormott . 

Cftlltilos** form.s derivatives with formic acid quite readily in the 
preseuctj of condensimr agents. “ it has been stated*'" that cellulose 
formate is produced when oxalic uciil solution i.s dried on «“otton. 

The proj>erftes of cel!ulo.sc formates have not yet lu-en thoroughly 
studied. 

Of other esters of cellulose the following have b'*en prepared ; — 

Cellulose propionate,-’ bntynite,*'- aceto-hptyrate,*'- pal mi tabs’** 
phenvl-.'icetate,*'*’ phospho-formate,*’’' aceto-nitrate,*' aceto snlpliate,** 
nitro-sulphate/'' -* s- sulphonates, etc. 

Recently, methylated celluloses'*'* have been pr«“pared, and their 
products of hytlrolysis carefully studied. Xastjukolb*'* claims to have 
prepared phenylated celluloses. 

(H) CelluliM*’ Acftate*. 

’ Cross 4c Bsvan, i'fUuto**. p, .)l. 

■* .Schwsilje, Die Crlhiliue, p. 316. 

* Worden, yUrocellutexe /nduHr;/, pp. 984-1004. 

* Schtitzenberger, (’imp. fiend. ^1, 48H (1869); 08. 814 (1870). 

■' Franebimont, Dirr. l2, 1264, 1941,2099(1879). 

‘ Cross AB«van, tram. (’hem. Hoe. 57, 1 (1890); 07, 43.3 (1895) 

’ Thiele, Jottm. liar. Dgere 4’ ('eh. {^, 294 (1908). 

* Cross & Briggs, ihid. 24. 189 (190.s). 

* .Sshwalbe, mU, angeu-, ('hem. 23, 435 (191U). 
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'• Kti(u*v**n<-i.' il. //»(>/. 24> •'"'"I 

" I’liU'Jitf*. I'oiiipHn- Siivt-rn. liu> k<in*tl,rhe Seitl«, Berlin (I 9 <K)). 

” ('om|mrn '.I»rnile», Juui-ii. Sue. Dt/gm (’olg, 21. 103 (1905). 

'* Coninan- Wortleo, .Inure. See. f'hgm. InA. 31, 1064 (1912). 

Ceilulow Formatt. 

** Berl It Smith, Ber. 4(), 903 (1907). 

»* Woodhridfe, Jmrn. Amer. Chtm.. Hoc. 81, 1070 (1909), 

•* Deming, ibid. 88, 1619 (1911). 

” Wortleo, Journ. Hoc. Vkcm. JnJ. 31, 1064 (1913). 

•* Wordeo. SitcoeHhdoge Indujilry. pp. 10<J4-1006. 

•• CrOM, Trane, f.'bem. Hot'. 99 . 1450 ( 1911 ). 

^ 7th Int, App. Limdon., 1909. 

Celluloiie Propionati*. See refs. 14 & 15, 

^ Celluloffe Butyrate. Arcto- Butyrate, palmitate and phenyl^aeetate, Henckel. 
B.H.P. imihfi) 

** CelJulcHte PlHM*phf>- formate. I rreiniffte GJanxjttaff Fahr. E.P. 29246/10; 309/11. 
** Aci*t<*- Kit rate, Berl. k. VVataon Smith, Ber. 40. ^03 (1907). 

Ceilul*>!He A<*elO}«ulphat4» and Acetolxiiixoate. CrosH, Bevan, A Briggs, Ber. SSt 
IK.VJ, 3561 (^1905). 

fVUultHf* Xitrol<nl|lhat*^ Cros»* k H4*van, Brnearehr*. 1900-5, pp. 51 -5H. 
('fdluhiHi* Nitro‘4ulphaU\ <'ro'*s, Hevao, At JenlcK, Ber. 34? 3496 (1908). 
t'**lluK>«e Xiin»»tilphat«». Ilako A L»i\vi«, Sae. Chem. Tnd. 24* 374, 914 

(19**5). 

^ Iien/j>ati\ (’nm A: Hovaii. Ottuhisr. p. 22 ; BeMarehei. I. p. 31. 

^ Mf*thvlatc‘d ( Vdlulosert. Denham A WnodhouRe. Trann. ('hem, Siu\. 1735(1013) ; 
2357 ( 191 1 ) : 211 ( 1917). 

*** Kthyl.’iit**! Liln nfchh F.P. 117971 (1912). 

PheiiylaUnl (Vdluhw*^. Na*<tjukuff» Joitrn. Buhh, Bhyn. Chem. Soe. 34* 231, 
505 (1902). (;«m))are Journ. S^ic. ( hem. Ind. Abstracts 13o2 (19*2); 414 (1903); 

2V2 (19<»7). 


I "iscuSfU 

Wlirn iroatod \vitli cau>tic soda an<l carbon di.sulphide cellnlofte 
fonnH a xatitln»i:onato soluble in wator.^ * A sfdution of this eub- 
Hfantat inrroasos in visco.*^ity on Htai'alin^ ami eventually sets to a 
jelly. This ehanp«‘ is kno^vn as ripening and is considered by 
Cross and He\an t<» be <lue to the formation of compounds of 
increasing complexity. This phenomenon appe;u*8 to be quite 
analo^rous to the setting of a {gelatine jelt)\ alth<»u 2 rh r<‘cent patents^ 
inditjate that the oxyi^i*n (d the air may jday some part in it. It is 
interestiim to noto that if the ctdlulose is left in contact with the 
caustii" soda f<»r soim^ time before eoiiversion into viscose a less 
viHcoua solution is prodnred,^ 

(1) rw4».*r. 

* OrosH Ac Bcvnii. CelluIoB^ , p. 25 ; Bd ^^totrehes. pp. 27, lo7, 

^ S«^hwanH\ the ( t'fhiffute, p. 332. 

^ Crom, Bevan, At Beadle. E.P. S7oo 4IS92). 

* ^rn^H. Bevaii, A: Beadle, Inme. ( h<m. See. 93* ^37 (| .s93). 

** Bovan. Ac Rtadle. Journ. Soe. ('hem. !nd. 12- 49S (IS93h 

^ Hf^vaii. k Bendlo, Brr. 34i 1513 (1901). 

' Bolt/er, AW/, . 8* 177 (1911) ; 9, 76, 120 (1911). 

CotirUiuld.-*, (fJover. A’ Wilaon. E.P. 13, (31.5 (1914) ; 14675 (1914). 

® Croea Ac Bevaii, Be^rarehe^ (19(KV5), p. 107. 

Artijicial Silku 

Th« preparation of artificial silk* is dependent on the coagulation 
of a cellulose solution, anti it. is found that the viscosity of the 
solution intlnences the nature* * of the fibres obtained. 
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An interesting investigation has recently been carried out. by 
Clayton, Keadle & Stevens on the swelling of artificial silk In caustio 
soda solutions.'* * It was found that the swelling increased with the 
concentration of alkali up to a certain point and then decreased. 
This change is very similar to that observed by Procter with gelatine 
and h5’tlrochloric acitl. Procter’s method of investigation cannot l)e 
applied in this case since the concentration of alkali used is too high. 
It was shown that the addition of sodium chloride to the «'aU8tic soda 
diminished the swelling and adsorption of alkali. The author found 
that if the artificial silk was first treated with the caustic soda and 
then with a salt solution the amount of swelling wjw consitlerably 
decreased, but practically no caustic soda passed into the sjdt solution. 
It i.s of course, known that sodium chloride ‘salts out ’ oaus(i« soda 
from solution. 

(J) Artijiriai SUk, 

* Snvern, Iht* Kun.*tiirh*^ 

^ Hemojsr, ( ntt'^rxuehumj nnfurlti'h*'?i und 

’ Gaultikow, AV/. g, 260 ( IIU‘0. 

* iJpfiille Jc ?^t**vensj, Int. con^j. Ki. p. *jr», 

^ Clayton. Hpatlle k Steven??. Jo^m, Stu\ hy^^rA umi t 30* t 

* (>st, antjew. .‘51. p. 141 (191 s). 

* Wils?on, Sof\ ('htm. Jnd.y si 7 (191711. 

uw. 

The precincts formed by the hydrolysis of wool have been 
determined.* but nothing is kn<»wn of (!»♦• conKtitiition of the 
substances of the wool filtr** itself. The presen<'t* of a free amido 
grou]) in the stibstanc*' of the wool fibre has l>»’vn dis«.'ussed from time 
to time without any very definite conclusions being arrived at." ® * ** 
It has n^cently been shown that wool fibres are not chemically 
homogeneous, the outer layers being notre resistant to the action of 
chemical reagents than the inner parts.' '• 

By treatment of wool with solutions of caustic alkalies a colloidal 
solution is obUdned,* which forms precipitates witli dyestuffs.’' '* 
These precipitates have been consitlered to Im> <ietinite cheiuical 
componnd.H. 'the process of precipitation reminds one more »)f the 
coagulation of colloidal solutions than of chemical combination. 

The colloidal state of wool fil)re8 is considerably ebaugwl 1 >y 
I wiling in water, the fibres beconuug more plastic; changes in the 
internal stnkins are also pro«lnce<l.'' *■' 

When Hubjectekl to lieating in presence of solutions of soap or of 
acids, wool fibres Ijecome matted together, the process being known 
as felting, falling or milling. For many years felting has been 
considered to b<! due to the interlocking of the sernktions present in 
wool fibres. This theory was 8npporle<i by the fact that in some 
cases fibres with less serratioDS felted less’k'asily than others with 
more, and that treatment with chlorine’* removed flie serrations and 
prevented felting. There are, however, wool fibres having practically 
no serrations which can Iw felted, although with difficulty, but which 
are also prevented from felting by treatment with chlorine. Another 
theory has been brought forward*^ that the wool fibres become plastic 
and adheire together when subjected to beating. The fact that a 
fabric made of tightly-spun, straight wool fibres is very much more 
difficult to felt than one made of more loosely-spun material appears 
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stgainst this theory, since the closer contact obtained in the first case 
should assist this adhesion of fibres. 

The author is of the opinion that felting is doe mainly to the 
interlocking of fibres caused by the beating of the wool while in an 
eliistic condition. Chlorine reduces this elasticity and makes the 
wool more pliistic. 

Mechanical pressure produces considerable changes in wool, 
particularly when containing moisture and at a high temperature.’* 

The adsorption of acids by wool has been determined by numerous 
workers.’* The work of Procter (.-jee First Report) on the action of 
acids on gelatine led other chemists’* to consider that wool formed 
definite compounds with acids. Exactly as in the case of the 
adsorption of caustic soda by cotton and the nitration of cotton, peaks 
were noticed in the curve of adsorption.’* In the two examples of 
cotton more recent work has shown that the curves are continuous, 
and it is certain that the same will apply to wool. The author 
attempted to apply Procter’s methods to wool, but no results of any 
value were obtained. The amount of swelling in the case of wool is 
very small compared with that shown by gelatine. The osmotic 
»*fTect which was ex peek'd from Procter’s theory did not produce any 
changes in volume of the wool fibre ; it may, however, have produced 
a change in the internal stresses present in the fibre, but this could 
not be determined. 

. (K) Wool: 

' Abclerhald)'!), Jintrn. I*hytwl. ('hftn. 46' P- ■ 

* Prudhomnie. Uor. 6>«. .)/«/. <\‘l. ‘AiS (IsaS). 

* Kann, Farbrr Xeit. 25' (IttH't. 

* (tabhard. Forher /.ut. 25. V79. 2Sa ( 1914 ). 

•' .Vaumaiin, Xoit.fur nn^fw. ('horn. 30- ’’O'’ (I'*’’*)' 

'• Allworilnn, Xoit. ('horn. 29' (lyl'*). 

’ Champion, (\>mp. lirrul. 72- 3Hi'. 

* Kiiecht A Appleyard. .*^ 1 ’. Dyer* tlSS9). (Dye compounds). 

* Harrison, Proe. Hoy. Soc. A. 94. 4<>** (1918). 

Ilcrzoz, ('horn. Zoit. 40, ''>211 (1916). 

" Pearson, Journ. fiiH'. Dyortt .<• Col>. 25. •‘’t (1*'*<>9). 

Georgiovic-t. Xetf. Fhy»iol. t.hrm. 87' (1914). 

Fort A Lloyd. Journ. Sn\ Dyert ^ Col*. SO- (lari'). 

Fort A Lloyd, Ibul. 30. -’97 (1914). (Indigo wnuiHiiind). 

'* Harrison, Jbui. 34. “7 (1918). 

'* Gee A Harrison, Tran*. Farailay Sar.. (April, 191"), 

Justin Mueller, Foil. Xcit. 114 (1909). 

Miller A Tallmann (Strength A Elasticity of Wool). ./. agrio. He*. 4- ,379(1916). 

'» Hardy, /bid. 14, 285 (1918). 

® Ilartshorne, Tran*. Xal. Am>r. Cotton Mauu/. 79, 194-22.5 (19t)5) ; 90, 281- 
.319(1911). 

*• Woodinansey, Journ. Soc. Ityer* .f f'ol*., 34, 227 (191.3). 


Silk. 

A large amount of work has been carried out on the products 
of hydrolysis of different kinds of rtlk.’ * The silk fibre in its 
natural condition consists of two substances, sericine and fibroine, 
very similar in chemical nature. The sericine is dissolved from the 
fibroine by the action of dilute alkalies. Attempts have been made 
from time to time to fix this sericine by means of formaldehyde*”^ 
in order to avoid the loss in weight of the. silk, but liitle is known 
regarding the value of this process. 
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An interesting investigation has recently been carried out by 
Clayton, Beadle & Stevens on the swelling of artificial silk in caustic 
soda solutions."* * It was found that the swelling increased with the 
concentration of alkali up to a certain point and then decreased. 
This change is very similar to that observed by Proctor with gelatine 
and hydrochloric acid. Procter’s method of investigation cannot be 
applied in this case since the concentration of alkali used is too high. 
It was shown that the addition of sodium chloride to the caustic soda 
diminished the swelling and adsorption of alkali. The author found 
that if the artificial silk was first treated with the caustic soda and 
then with a salt solution the amount of swelling was considerably 
decreased, but practically no caustic soda passed into the salt solution. 
It is, of course, known that sodium chloride ‘ salts out ’ caustic soda 
from solution. 

(J) Artificial Silk. 

' .Suvern, lUr KuHxtliche Seidc, Berlin (1900). 

- Herzog, ('ntersucliiing der Hat urlichen und Kinintliclir/i, ScidcH (1910). 

=• Gaidukow. A'oll. Zcit'.. 0, 260 (1910). 

■* fllayton, Beadle A: Stevens, ^th Int. cong. ('hem. 19. p. 2r>, 

^ Ulayton. Beadle & Stevens, Jouni. Sac. Dyem and CcU.. 30 - (l**t *)• 

® Ost. Zeit.f. angeir. (’hem., .'ll, p. 141 (1918). 

' Wilson, jmtrn. Soc. ('hem. Ind., 817 (1917). 

Wool. 

The products formed by the hydrolysis of wool have been 
determined,* but nothing is known of the constitution of the 
substances of the wool fibre itself. The presence of a free amido 
group in the substance of the w'ool fibre has been discussed from time 
to time without any very definite conclusions being arrived at.^ s 4 la 
It has recently been shown that wool fibres are not chemically 
homogeneous, the outer layers being more resistant to the action of 
chemical reagents than the inner parts.® 

By treatment of wool with solutions of caustic alkalies a colloidal 
solution is obtained,^ which forms preci})itate8 with dyestuffs.**'** 
These precipitates have been consi<lered to l)e definite chemical 
compounds. Ihe process of precipitation reminds one more of the 
coagulation of colloidal solutions than of chemical combination. 

The colloidal state of wool fibres is considerably changed by 
boiling in water, the fibres becoming more plastic ; changes in the 
internal stniins are also produced.** *** 

When subjected to beating in presence of solutions of soap or of 
acids, wool fibres become matted together, the process being known 
as felting, fulling or milling. For n)any years felting has been 
considered to be due to the interlocking of the serrations present in 
wool fibres. This theory was supported by the fact that in some 
cases fibres with less serrations felted less easily than others with 
more, and that treatment with chlorine** removed the serrations and 
prevented felting. There are, however, wool fibres having practically 
no serrations which can be felted, although with difficulty, but which 
are also prevented from felting by treatment with chlorine. Another 
theory has been brought forward*^ that the wool fibres become plastic 
and adhere together when subjected to beating. The fact that a 
fabric made of tightly-spun, straight wool fibres is very much more 
difficult to felt than one made of more loosely-spun material appears 
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Hgainst this theory, since the closer contact obtained in the first case 
should assist this adhesion of fibres. 

The author is of the opinion that felting is due mainly to the 
interlocking of fibres caused by the beating of the wool while in an 
elastic condition. Chlorine reduces this elasticity and makes the 
wool more plastic. 

Mechanical pressure produces considerable changes in wool, 
particularly when containing moisture and at a high temperature.** 

The adsorption of acids by wool has been determined by numerous 
workers.^® ’*® The work of Procter {see First Report) on the action of 
acids on gelatine led other chemists^® to consider that wool formed 
definite compounds with acids. Exactly as in the case of the 
adsorption of caustic soda by cotton and the nitration of cotton, peaks 
were noticed in the curve of adsorption.^® In the two examples of 
cotton more recent work has shown that the curves are continuous, 
and it is certain that the same will apply to wool. The author 
attempted to apply Procter’s methods to wool, but no results of any 
value were obtained. The amount of swelling in the case of wool is 
very small compared with that shown by gelatine. The osmotic 
effect which was expected from Procter’s theory did not produce any 
changes in volume of the wool fibre ; it may, however, have produced 
a change in the internal stresses present in the fibre, but this could 
not be determined. 

. (K) Moot: 

' Abdcrhalden, Jovrn. J*hysiol, Chem. 46i p. 31. 

* Prudhomme, Her, Gen, Mat, Col, 2u9 (i8y8). 

» Kann, Fdrbcr Zeit, 25. 73 (1914). 

< Gabhard, Fdrher Zed. 25, 379, 283 (1914). 

^ Naumann, Zed. fur angew, Chem. SO, 135, 297, 305 (1917). 

** Allworden, Zeit, a?igew. Chem, 29? 77, 78 (1918). 

^ Champion, Comp, lietul, 72, 330. 

** Knecht k. Appleyard. Jour7i. Sue. Dyers 3^ Cols. 16, 71 (1889). (Dye compounds), 

^ Harrison, Proc, Roy, Soe, A. 94. ^39 (1918). 

Herzoz, Chem. Zeit. 40, ^*28 (1916). 

" Pearson, Journ. Dyers Cols, 25, 31 (1909). 

Georgievics, Zeit. Physiol. Chem. 87? 369 (1914). 

>•’ Fort k Lloyd, Journ. Soc. Dyers Cols. 30? », 73 (1914). 

Fort k Lloyd, Ibid. 30? 297 (1914). (Indigo compound). 

** Harrison, Ibid. 34, 57 (1918). 

Gee k Harrison, Trans. Faraday Sor,, QApril, 1910). 

^7 Justin Mueller, Aoll. Zeit, 114 (1909). 

Miller k Tallmann (Strength k Elasticity of Wool), J. ayrir. lies. 4, 379(1916). 

19 Hardy, Ibid. 14, 285 (1918). 

^ Hartshorne, Tram. Nat. Assoc. Cotton Manuf. 79, 194-225 (1905) ; 90, 281- 
319(1911). 

** Woodmansey, Journ. Soe. Dyers 3^' Cols.j 34, 227 (1918). 

Silk. 

A large amount of work has been carried out on the products 
of hydrolysis of different kinds of silk.^"^ The silk fibre in its 
natural condition consists of two substances, sericine and fibroine, 
very similar in chemical nature. The sericine is dissolved from the 
fibroine by the action of dilute alkalies. Attempts have been made 
from time to time to fix this sericine by means of formaldehyde^'*^ 
in order to avoid the loss in weight of the silk, but little is known 
regarding the value of this process. 
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Silk is modified by boiling in water in a similar manner to wool. 
The effect of mechanical pressure is also similar with these two fibres. 

Colloid chemical investigations have been made® with the sub- 
stance present in the glands of the silk worm from which the silk is 
spun. The colloid present in these glands coagulates on standing, 
more quickly on heating or freezing or by treatment with dilute 
acids, a tough gelatinous mass being formed. It is interesting to 
note that the coagulation is accelerated by mechanical strain, and the 
suggestion has been made® that the solidification of the silk as spun 
by the silkworm is due to the mechanical strain exerted during 
ejection of the viscous secretion of the silk gland through the 
spinning orifices. This may have some connection with the double 
refraction shown by silk fibres.® 

(L). Silk: 

1 Fischer, Physiol Ch. p. 126 (1907). 

* Abderhalden, Physiol rhem. 66» 13—18 & 910 and numerous other articles. 

» Clavel & Lindermeyer,' F.P. 451, 897 (1912). 

^ Cardazzi, F.P. 457, 326 (1913). 

* Harrison, Pror, Iloy, Sot\, A-^ 94 , (1918). 

« Foa, Aoll. Zeit. 10, 7—12 (1912). 

^ Farrell, Journ. Soc, Pyors Pols. 70 (1905). (Action of hydrochloric acid.) 

^ Sansone, Bee. Gen. Mat. Col. 194 (1911). (Action of formic acid.) 

® Hohnel, Journ. Soe. Chem. Pul, 2, 172. (Diameter of silk fibres.) 

Wardle, Tmsitr Silk. 

Vignon, Berhorches surJa soie^ Lyon (1H02'). , 

Rossinski, Bull, du Labor de la sole, Lyon (1895). 

Franceson, Etudes sur la Jilaturc dc la soie, Lyon (1890). 

** Collomt, Journ. dr Physik. (1785). 

Rolley & Schoch, Dinyl yolyt Journ. 196 (1870). 

Cramer. Journ. fur prakt. Chem. 96 * 

Persoz, Mon. Set. 1, 597. 

IVlills vS: Takamine, Trans. Chem. iSW*., p. 142 (1881). (Absorption of acids.) 

Silberman, Die Seide. 


Sizing. 

Very little work of any importance has been done with respect 
to the sizing of textile materials, but a considerable amount of work 
has been done on the materials used in this process. The work 
carried out on glue and gelatine has been fully dealt with by Procter 
in the first report. Practically all the work done on starch has been 
considered by Brown^ and bj’ Stocks.^ The characteristic blue 
colour produced when iodine is added to starch has been shown to 
be due to colloidal iodine,^ and many other substances have been 
found to give the same rsaction.^^ 

The changes undergone by starch during boiling are of great 
importance in relation to sizing and finishing and have received 
considerable attention.'*'"^® The addition of salts has been shown to 
influence these changes.®"® 

The so-called sizing properties, of starch are somewhat obscure. 
The process of sizing is carried out for the specific purpose of assist- 
ing in the weaving of fabrics, and the advantages of any particular 
sizing material can, at present, only be determined by a practical 
test.^® The relationship between the mechanical properties of the 
sized yarns and the physical properties of the sizing materials has 
never been determined. This is mainly due to the difficulty of 
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measuring those mechanical properties of sized yarns which deter- 
mine their value in weaving. 

(M) Sizlfig^ Starchy 

* S(ie Brown, First Report, p. 38. 

* Stocks,' First Report, p. 46. 

* Harrison, Koll, Zeit, 9 > 5 (1511) 

^ Harrison. Joiim, Soo. Dyers ^ Cols., 27 P* 84 (1911), 

* Samec, KoUoidcJMtm. Bexheft. 3, 123 (1911). 

8 Samec, ibid. 4, 132 (1912). 

Samec & Hoefft, ibid. 5, 141 (1913), 

8 Samec, ibid. 6, 23 (1914).' 

8 Samec & Jencic, ibid. 7, 137 (1915). 

>8 Samec, ibid. 8i 33 (1916). 

Rakowski, Koll. Zeit. 9, 225 (1912); IQ, 22 (1912); H, 19, 51, 269 (1913). 

** Harrison, Jourti. Sor. Dyers ^ Cols., 32 > 40 (1916). 

** Who well, Tej*t. l^ist. Joxtrnal 2, 43 (1911). 

Barger & Starling, Trunks. Chcoi. Soo., 441 (1915). 

Barger & Field, Trans, ('hem. Soo., 1394 (1916). 


Scouring {Soap^ Jcc.). 

The scouring of textiles is mainly a colloid-chemical process. 
In the case of cotton the impurities to be removed are fats and 
colloidal matters usually termed pectic substances. These latter 
form colloidal substances in alkali, by which they are removed from 
the cotton, in recent patents^^ substances of colloidal character, 
starch and albumenoids, are used in conjunction with caustic alkalis 
as scouring agents, and apparently these substances act as i:>rotective 
colloids during the scouring process. 

In the case of wool the impurities consist mainly of fat, although 
some protein matters are present in the “ suint.” The removal ox 
this fat is elfected by a dilute solution of soap. 

The nature of tlie process of scouriug has recently been investi- 
gated from th<j colloid-chemical stand j)oint-^^ and numerous importanx 
points deduced. 

The impurities in silk consist mainly of albiimenoid and are 
removed by dilute solution of soap. 


(N) Soon n ay SiHfp, .S'o. 

^ Chevreul, Iloohoroltos sur /es (\trps gras d'origine auimale l*uris (1823). 

Kralft, Bcr., 27, 1747 (1894) ; 28, (l’39:>) ; 29, 1328 (1896) ; 32, ir>84, 

1899. 

^ Kahlenberg & Schreiner, Zcit.f. Phys. (lieni., 27, (1899). 

^ Corniftih, ibid., 31, 42 (1899^. 

* Donnan, ibid., 31, 44 (1899). 

8 Donnan & White, Tram. Cheat. Soo., 1668 (1899). 

^ Browden, ibid., 191 (1899). 

8 Goldschmidt, Seifen fahr., 1247 (1902). 

® Smits, Zait.f. Phys. (hem. 45, 1108 (1903). 

*8 Leimdorfer, Seifenseider Zeitang A'usghcrg, (1906). 

“ Meyer, Schaeffer Terroine, Comp. Bond., 146, ^34 (1907). 

»» Spring, Koll.Zoit., 4, 162 (1909); 6, H, ld9, 161 (1910). 

Leimdorfer, Kolloidohem. Beihefte, 2,243 (1910). 

Donnan & Potts, Koll. Ze\t, 7, 208 (1911). 

J^Reychler, ibid., 12, 18, 277 (1913); 13, 252 (1914). 

18 Arndt & Schiff, Kolloid. Beihefte, 6, 201 (1911) 

Kurzmann, ibid, 6 433 (1014). 

18 MoBain, loans. Faraday Soo., 9, (1913), 
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Fiecher & Hooker, Koll. Zeit. 18, 129 (1916). (Casein Solutions.) 

>» Shorter, Jmirn. Soo. Dyer» # Colt., 31, 64 (1916) ; 32, 90 (1916); 34. 136 
(1918). 

Shorter & Bllingworth, Proe. Boy. See., A* 93. 332 (1916). 

** Pickering, Trans. Chew. Soe., HI, 96, (1917). 

** Shorter & Harrison, Journ. Soo. Dyers Jft Cols., 34. 163 (1918). 

** McPherson t Heys, E.P., 6620 (1909) ; 20089 (1909) ; 8478 (1915). 

*■' MoBain & Taylor, Her. 43. 321 (1910). 

McBain & Taylor, Zeit.phys. Chem., 76. 179 (1911). 

Bowden, Chem. Soe. Trans., 99. 191 (1911). 

** McBain, Cornish & Bowden, ibid. IQl, 2042 (1912). 

** Bunbury & Martin, ibid. 105. 417 (1914). 

MoBain & Martin, ibid. 106. 957 (1914). 

** Lairg, ibid. 113, 435 (1918). 

»* McBain & Bolam, ibid. 113, 825 (1918). 


Dyeing. 

The large amount of work carried out on dyeing has already been 
fully considered by King in the first report. The electrical theory 
of dyeing has recently been discussed at some length.® In its pre- 
sent condition® four factors are taken into account. 

1. Molecular movement, by which dye molecules or particles 
transport themselves on to the fibre or into its pores. In true solu- 
tion, this process is usually known as diffusion and must be taken 
into account in all theories of dyeing. In colloidal solutions the 
same thing occurs but to a less extent. 

2. The electrical charge on the fibre and on the dye. The poten- 
tial of this charge has been measured under several conditions as 
regards nature and concentration of added electrolytes. The nature 
of this contact potential has received much discussion ; some 
chemists consider it to be due to residual valency. The opposite 
view that valency is the direct result of the electrical construction of 
elements is more likely to be true. In any case, Bragg’s models of 
crystals show that the surfaces of solids must behave differently from 
the bulk of the material. 

8. The size of the pores in the fibre. 

The presence of these pores has been directly proved by ultra- 
microscopic examination and indirectly by the fact that colloidal 
solutions can penetrate to a considerable extent into the fibres. The 
idea that dyes are imbibed into the cavities and pores of fibres by 
capillary attraction was put forward by Crum more than 50 years 
ago. The manner in which the dyes were fixed in those pores was, 
however, not explained by Crum, but has been explained as a case of 
electrical coagulation. 

The increased dyeing produced with cotton on mercerisation has 
been shown to be due to changes in the colloidal state of the fibre as 
well as electrical charge. The effect of drying on mercerised cotton 
is to reduce its dyeing capacity ; this has been explained as being 
due to reversion of the changes produced by mercerisation. 

4. The size of the dye particles. 

It is obvious that the extent to which dye particles can penetrate 
into porous substances must depend on their size. The rapidity of 
coagulation is also dependent on the size of the particles. 
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By the inclasion of these four factors, the electrical theory appears 
to explain most cases of dyeing ; its value is recognised mostly in 
the case of direct colours where chemical theories have failed. 

Printing, 

The printing of textile fabrics is carried out by applying a viscous 
solution by means of an engraved roller to the fabric. Many interesting 
colloid-chemical phenomena are met with in the preparation of the 
viscous printing pastes. Even to-day there is a considerable amount 
of secrecy exercised in the preparation of these pastes, partly as 
regards the materials employed, but more particularly in the manner 
of mixing them. There is little difficulty in ascertaining the in- 
gredients by chemical analysis, and by the help of colloid -chemistry 
the order in which the ingredients must be mixed can readily be 
decided. Materials which precipitate one another should first be 
mixed with the protective colloid, starch, tragacanth, &c. 

The subsequent fixation of tbe printing colour by steaming, par- 
ticularly in the case of non-mordant dyes, has been shown to be due 
to the swelling of the fibre by the action of the steam.’- ^ The 
fixation of colours from pastes containing both colour and mordant is 
undoubtedly due to coagulation, as the result of reduction in the 
protective power of the colloids at high temperature.’"’”"”''*'^® ® 

Finishing. 

The finishing of textile fabrics is an art to which -very Itttle science 
has been applied. The effects of the mechanical treatments to which 
fabrics are subjected during finishing’ have only recently been 
investigated.® The main factors are mechanical pressure, heat and 
moisture. The effect of moisture is to increase the degree of swelling 
of the fibre, and this is greater the higher the temperature. Pressure 
decreases the swelling in the direction at which it is applied. Per- 
manent finishes are produced by processes which reduce the swelling 
capacity of the fibre colloids. 


(O) Dyeing. 

’ Compare King, First Report, p. 20. 

* Harrison, Journ. Soc. Dyers and Cols., 27> 270 (1911). 

» Harrison, ibid. 34. 97, 127 (1918). 

* Craven, ibid. 34, 128 (1918). 

» Fort, ibid. 34. 124 (1918). 

« Haller, ICoU. Zeit., 23, 100 (1918). 

(P) Printing. 

Compare First Report Article by Stocks. 46-78. 

’ Justin Mueller, Koll. Zeit., 5, 2S3 (1909). 

* Justin Mueller, 7, 40 (1910). 

* Harrison, Roll. Zeit., 9- 5 (1911). 

* Haller, Kolloidohem. Beihefte, 8, 1 (1916). 

» Haller, Koll. Zeit., 23, 100 (1918). 

(Q) Finishing. 

* ?ee Article in Journ. Soo, Dyers ami Colourists, 29 117 (1913) 

* Harrison, Textile Inst. Journal (1916). 
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RErOBT ON THE PART PLAYED BY COLLOIDS IN 
AGRICULTURAL PHENOMENA. 

By E. J. Russell, D.Sc., E.R.S., Director of Ihe 
Rothamsted Experimettial Station. 

Agricultural chemists only slowly recognised the part iiliiyed 
by colloids in the soil. For many years the soil was i*egarded as 
a mass of crystalloid mineral matter, and in discussions of its 
properties it was treated as if it were sand mingled with certain 
soluble salts and organic matter. Sand cultures were commonly 
adopted in pot work ; sand particles were used in experiments on 
the physical properties of the soil; and in the early attempts at 
mathematical analysis the particles were supposed to be spherical 
and impenetrable, though this assumption was recognised as an 
apin’oximation only. As experimental results and deductions 
accumulated, it became obvious that there was a wide discrepancy 
between the properties expected and those a<‘tually found in 
natural soils. It therefore became neceswiry to re-examim* tho 
f u nda men tal proposi tion s . 

Tlie first demonstrations of the unsoundness of the old views 
came from tlie Dutch investigator van Bemellen. It liad long 
been known that .soil possessed the remarkable property of absorb- 
ing certiiin soluble substances from their solutions: ammonia wa.s 
taken from ammonium sulphate solution, potash from potassium 
sulphate, and so on. It wa.s this property that justified the use 
of soluble salts as artificial fertilisers. The first explanation was 
offered by M’^ay, who supposed that the process was a simple 
chemical reaction of the double decoinpo.sition type, and he 
assumed the existence in the soil of a series of reactive silicates in 
order to account for the obseiwed phenomena. Sub.sequent 
writers, adopting- the simiile exiiedient of keeping away from tho 
soil, elaborated tlie properties of the.se double silicates; and when, 
at a later date, mineralogists directed attention to the zeolites, 
.some of the agricultural chemists a.ssumed that these substiinces 
exi.sted in quantity in the .soil and were the reactive con.stif uents 
in question. 

Shortly after Way had offered his chemical hyiiothesis Liebig 
advanced a physical exiilanation. He suiipowid that .soil hail 
some power of attracting dissolved salts similar to the power 
possessed by charcoal for condensing ga.ses. Duly the substances 
physically held in the .soil were considered of immediate value to 
the plant, although the chemiinilly combined substances might be 
a reservoir in maintaining supplies. 

Further investigations showed that neither explanation was 
quite sufficient : Kno}) thereforte combined the two hypotheses and 
explained the absorption of acids as a chemical combination with 
iron or aluminium oxides, and the removal of bases jnirtly as a 
physical attraction and partly as a chemical combination with 
silica or double aluminium silicates. But ihe comiiromise was 
not very satisfying and aroused little enthusiasm ; moreover, it 
did not help to account for the ever increasing number of 
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apparently abnormal phenomena. Later on van Bemmelen proved 
Unit tlio phenomena were precisely similar to those shown by 
colloids, and argued that the soil must be treated as a colloid. 
This view was generally accepted by those who read his papers. 
IJjifortuuately, van Bemellon’s work was published in German, 
and the translalion from his own language was not altogether 
liappy — r4>ther giving the impression of a long drawn tedious 
memoir on an unimportant subiect. A good English translation 
is verj desirable : the papers belong to the classics of agricultural 
chemistry. Van Bemellen did not at once arrive at the colloid 
explanation ; he first accepted Way’s chemical explanation, and, 
indeed, devised a meth(xl for estimating the double silicates 
l)reseut. Later on, however, he made extensive studies of 
absorption by simple gels, silica, alumina, ferric hydroxide, tin 
hydroxide, etc., and found it closely to resemble absorption by 
soils : other studies of colloids were made, and in each case the 
similarity to soil phenomena was so close as to leave no doubt that 
soil was essentially a colloid and soil absorption simply a mani- 
fesl^ation of its colloidal properties. 

This new idea was soon found to explain many of the old dis- 
crepancies. Chemists had several times attempted to bring 
tlie phenomena of absorption equilibrium into line with those of 
chemical ecpiilibrium, but the equations would not fit except for 
a narrow range of concentrations. 

When, however, tlie adsorption forniula is used, a much closer 
fit can he obtained : VV’iegner has gone over the recorded data and 
shown tlmt they all agree with the ordinary equation, 

y = Kc.; 

m 


the constants having the following values: — 


Absorbent. 

Solute. 

K 

1 

P 

Worker. 

Garden soil 

NII^Ol 

0 0948 

0-039 

\ Henneberj? and 


Nll^Cl 

0-131 

0*424 

/ Stohmann 

Nile sediment 

NHiCl 

0-489 

0*399 

Armsby. 

Permutite ... 'j ( 

NII4C1 

1 2-823 

I 0*398 

Wiegner, 

Sodium zeolite > artificial 

CaCls 

2-487 

0-317 

Armsby 

Zeolite ... J L 

LiOl 

24-419 

0-414 

Campbell. 

Soil ... ... ... 

NH 4 OH 

0-0994 

0*434 


>> ... ... ... ... 

NH 4 OH 

0-147 

0-461 

J- Brustlein. 

f) ••• ... ... •• 

NH 4 OH 

0-064 

0-386 

J 


It is still, however, necess<iry to account for the fact that the 
absorbed bases displace an equivalent amount of some other bases 
from the soil — a procedure Avhich would be unnecessary if nothing 
but adsorption were involved. This is done by supposing that 
only the hydroxide is absorbed : the acid radicle in general is 
not: it therefore dissolves out some of the Ixises from the soil. 
As this is a purely chemical reaction the amount of base brought 
out is equivalent to the acid set free, i.e., to the amount of base 
adsorbed. 
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This view is found to account for all the phenomena as yet 
recorded. Moreover, it explains the difficulties that have 
attended the study of the soil solution or the liquid phase in the 
soil. Chemists now realise that the colloids profoundly affect the 
composition of the liquid phase, and they are devoting consider- 
able time and ingenuity to the problem of extracting typical 
samples for investigation. Centrifugal methods have been tried, 
but they are troublesome in application. Displacement methods 
would be easier if one could be sure that the adsorption relation- 
ships were not being disturbed. Morgan claims that paraffin 
oil is both effective and simple in use. A pressure method is in 
use in llamann’s and also in van Zyl’s laboi'atories, especially fo'i* 
soils containing much clay or humus: d kgnis. of soil are sub- 
jected to a pressure of kilos i)er sq. cm. In view of the 
great importance of the soil .solution in the nutrition of plants, it 
is a matter of vital necessity to discover the laws governing its 
composition, the iafluence of manuring, climate and soil 
treatment. 

Thus it is known that sodium salts liberate potassium from the 
soil: lime also has the .same effect. Itegarded os ad,sorption 
effects the idienoniena are much easier to exjilain than as simjde 
chemical reactions. The techni*'al imporUmce of a ftill under- 
standing of th(> phenomena is <‘ousiderable. There is, however, 
a .school of chemists who regard the wliole phenomena os chemical, 
arid adhere to the liyfiof he.sis of reactive zeolites: Oedrortz in 
Kus.sia, and von Ilothmund and Kornfeld in (fermany. 

The action, of Acids on. the Soil. 

Agricultural chemists have long hoped that soil analysis might 
guide the fanner in drawing up a .system of manuring. Unfortu- 
nately, this hope has proved largely illu.sory ; the problem is 
complicated by th(‘ fact that at least five or six factors enter into 
soil fertility, of whicli the chemical composition of the soil is 
onlj' one. Hut there is another .source of trouble well recogni.sed 
by agricultural chemists : the selection of a method for the ex- 
traction of the ])lant nutrients in the analytical process. 

The first methods, founded wholly on mineral analysis, 
involved the use of strong acids and proved of little value in 
this (“ountry. A marked improvement was effected when dilute 
acids were substituted tor strong acid.s, but many anomalous 
cases still <irose : in particular, no two acid.s ever gave the .same 
result, nor even did different concentrations of tlie sJime acid. 
'J’he underlying a.ssumption always wa.s that the .soil was a ma.8S 
of mineral fragments with the phosphates, etc., in the ordinary 
mineral form. All attempts to interpret the action of dilute 
acids on .soil phosphates as an ordinary chemical reaction failed. 

Russell and Prescott have studied the reaction between dilute 
acid.s and the idio.sphates in the .soil and find that it can be inter- 
pi’eted satisfiictorily as a simple .solvent followed by an 
uds()r])tioti. The .solvent iiction is practically the same for nitric. 
hydrochh)ric tind citric acid.s of equivalent strengths, and appears 
to l»e tlu! normal aclio7» of an acid on a plio.sphate. Tlie revorae 
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reaction is the typical adsorption shown by colloids, and can be 
expressed by the equation which has been found to fit so many 
of them. It is considerably influenced by the acid, beinj^ greater 
in the presence of the mineral acids than of the organic acids. 
The amount of phosphorus compound actually brought out is the 
difference between the direct and the reverse action. Thus, 
hydrochloric acid dissolves out a certain amount of phosphate, 
but considerable adsorption takes place, so that the net amount 
left in solution is only small. Citric acid dissolves out the 
same amount of phosphate, but there is mucli less adsorption, 
and therefore the amount left in solution is markedly greater. 
The difference between the various dilute acids lies not in their 
solvent power, whicli is similar for all, but in their influence on 
the adsorption process’. The observed net effect of the acid on 
the soil is therefore expressed by the ordiixir^' adsorption curve. 

The reaction between dilute acids and soils thus appears to be 
essentially a displacement of absorbed material by something 
which is itself absorbed ; and it falls into line with other displace- 
ments from colloids. 

If this view is correct, it follows that acids need not be used in 
soil analysis, at any rate for the extraction of bases: any agent 
capable of being absorbed by the soil would serve equally well. 
Ramann has used a solution of amnioniunii nitrate and fijids 
it dissolves {ft. lenst as much potassium, calcium, etc., as an acid, 
and in some respects is more siitistactory. This nietho<l of 
extracting the bases from soils ju’omiscs to be useful and to clear 
up many of the ditficulties in soil <inalysis. 

The water rclationsltipa of $oils. 

The earlier soil physicists, regarding soil as a nmss of mineral 
matter, began their studies of the water relationshi])s of soils by 
treating soil us a mass of siind, or, in matlieniatical analysis, of 
small bullets or marbles, and investigating’ the distribution of 
water by surface tension. The conclusions obtained were not 
wholly in accordance with facts. The f{icts observed in the 
evaporation of water from soil were jKjrticularly difficult to fit 
in with expectations, juid numerous breaks in the curves seemed 
to indicate the existence of a variety of critic;>l ixunts and 
co-efficients. Keen has sluwn, howevei’, that the phenomena 
become much cleai’cr when regarded as colloidal effects. He 
found that the rel.ationship of water to soil differs considerably 
from its relationship to s{ind. The cvai>oration of water from 
sand, silt, china-clay, and ignited soil i)roved to be relatively 
simple, and could be explained by the known laws of evaporation 
and diffusion. Rut the evajwration of water from soil could not: 
it was more complex. Instead of the simple i)roportionalitv 
between water content and time observed in the case of sand, the 
curves for soil were more exponential in type. The difference was 
traced to the soil colloids, and it disappeared when the soil was 
ignited and the colloidal properties lost: the curve then became 
identical with that obtained for sand. The influence of the 
colloids has so far onl.y been expressed emjiirically, but it is 
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probabl;!^ connected with the relation between ATipoiir j>ressnro 
and moisture content. But there is clearly something^ else at 
work, for the curve is not of a simple exponential iype. It is 
necessary to allow for another factor : the effect on the rate of 
evaporation of the water surface in the soil, which obviously 
diminishes in area as evaporation continues. 

The equation finally developed by Keen is : — 

A^= ^ ^ ^ + l) + K) - logo K), 

dw 

where = rate of evaporation. 

dt 

w = percentage of water present by weight, 
s — specific gravity of the soil. 

A and K = con.st.‘ints. 

This relationship holds without any break, proving ihal all the 
water in a normally moist soil is held in the same way Avithout 
eliango in physical state. At one end of tlie curve the wafer is 
more easily given up than at the other, and in tlni competition for 
water between soil colloids and plants or micro-organisms some 
kind of equilibrium may be attained under definite conditions; 
this equilibrium is the “ Aviltiug point ” of the physhdogist. On 
this view the other constiints and critical points tliat have been 
indicated by various investigators are all equilibrium points and 
do not represent breaks in the condition of water in the soil. 

The retention of liquid v'ater by soil, or, in other words, the 
resistance to drainage, is no doubt influenced by soil colloids. 
Attempts have been made by Alway and McDole to trace some 
connection between the amount of water absorbed by dry soil 
from a moist atmosphere and its water-holding caixunty : in so 
far as these jihenomena are related it is probably through their 
relationship to the soil colloids. The influence of salts on the 
permeability of soil to water, which is probably as much physical 
as chemical, has been studied by Ilissink. 

Soil Acidity. 

It'has long been known that some soils are acid to litmus paper, 
but become neutral on the addition of calcium carbonate. Acidity* 
is not tolerated by most cultivated plants, and the agriculturist 
has therefore to guard carefully against it: the problem is one of 
high technical importance. 

'Phe older chemists took the obvious view that acidity was duo 
to some special soil acid or acids, to which various names were 
given : humic acid, ulmic acid, crenic acid, apo<‘renic acid, etc. 
But no acid satisfying the modern chemist could be isolated, and 
when the colloid conception was introduced Cameron pointed out 
that the phenomena could all be explained as simple colloidal 
manifestations and did not require the assumption of soil acids 
at all. It was only necessary to suppose that the soil coBoids 
absorbed the base more readily than the acid from blue litmus 
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and tlie wliole phenomena are explained. In support of this 
view Cameron showed that cotton and other absorbents behaved 
exactly like “acid” soils, slowly turning blue litmus red; the 
phenomenon was therefore a general property of a class of 
absorbents. 

Baumann and Gully applied this idea to the case of peat and 
showed that it fully explained all the known facts. 

In the first instance they pointed out that it was not necessary 
to assume that the “ acid ” was a decomposition product because 
the original sphagnum was ahnost as “ acid ” as the peat. 

Secondly, the acid if it exists must be insoluble because the 
water extract of the peat is practically neutral to litmus. 

It must, however, be very potent because solutions of neutral 
salts such as calcium chloride, sodium nitrate, etc., are decom- 
posed with liberation of free hydrochloric and nitric acids when 
treated with peat or sphagnum. 

Baumann and Gully argue that no acid of this character is 
known to chemists, and it involves less strain to conceive of a 
]>liysifvil adsorption of the base from the dissolved salt with 
libeitition of the acid than to imagine an inst)luble organic acid 
ca])able of decomposing .simple salts in solution. 

TJie view that acidity of the mineral acid soils is due to pre- 
ferential absorption of the base was developed by Harris in an 
investigation* of Michigan soils. The phenomena are substim- 
tially the same as for peat: the soil tiirns blue litmus red; an 
acjueous extract is neutral, while an extract made with a solution 
of a salt, c.g., calcium nitrate, is acid. We must therefore 
assume either an insoluble but very potent mineral acid, or a 
j)referential absorption of the base over the acid. The latter is 
iudiwited because, as in the case of peat, the amount of acid 
liberated from equivalent quantities of different salts is not the 
same, as it should be in a chemical reaction. 

Daikuhara has applied this view to the csise of the ocid mineral 
soils of dapan and Korea, but he has modified the explanation 
and made it more e<isily intelligible to the chemist, who finds it 
difficult to understand why an unjiarulleled physical decomposi- 
tion of a simple salt should be accepted, and the assumption 
of a difficultly soluble but potent acid rejected. Daikuhara shows 
that the develoimient of acidity in the salt solution is due to an 
exchange of bases iind not to simple abwwption of the base from 
the salt. If the acid s<dution is aiuilysed it is found to be really 
a solution of an aluminium salt: aluminium being given up 
from the s(jil in amount approximately equivalent to the base • 
absorbed. Aluminium s<ilts, as is well known, turn blue litmus 
red, and therefore are indicated os acids. The phenomenon is 
still essentially an absorption, but the seat of the reaction is 
located. 

This view is supported by Rice’s experiments, which have 
demonstrated the substantial identity in hydrogen ion concen^ 
tration of a .solution of aluminium nitrate and the solution 
obtained by treating an “ acid ” soil with potassium nitrate 
solution. 
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Eaiuann adoi>ts this view and gives ap the expression “ acid 
soils,” asijig instead ” ahsorptiv uugesiittigte Huden.” Kappen 
confirms the ohservatious without entirely accepting the 
explanation. 

The i)hysical exi)la nation of acidity has not passed unchal- 
lenged. Ilindall of Helsingfors, Sven Oden of Upsala, Tucke 
and Ehrenherg have each argued in favour of definite liumie 
acids in peat. Truog finds, in the case of mineral soils, that 
equivalent amounts of different bases are required to neutixilise 
the acid projierties of tlie soil — which, if generally true, would 
be easier to explain by assuming an acid than an adsorption. 

It is always jmssible that both factors are at work. Evidence 
has been adducted by Christen.sen and by Schollenberger to show 
that acidity and base-ab.sorbing }>ower are not quite the same 
thing. Still more .significant, measurements of the hydrogen ion 
concentration of soil extracts have been made, and .show definite 
acidity. 

Pan formation. 

A pan is a layer of hard impermeable rock that gradually 
forms below tlie surface of the soil under certain conditions. Its 
effect is to cut off the .soil above from the material below, and 
therefore to modify i)ix)foundly the movements of water and air, 
leading often to swampy conditions. The effect on vegetation 
becomes so marked that in agricultural practice the pan has to 
be removed, often at considerable trouble and expense. 

The conditions detenuining the formation of pan .seem to be a 
supply of organic matter, permeability of soil, low content of 
soluble miiiei'al matter, and absence of calcium carbonate. These 
conditions occur most frequently on light .Sixndy .soils where, for 
.some rea.''On, tlie water is held sufficiently near the surface. 

The older chemists exjdained the phenomena on purely 
(diemical line.s; it is unneces.sary to go into the details of the 
vai’huis hypothe.ses put forward : in the. main they involved 
alternate reiluctions and oxidations, or else solution in carbonic 
acid, and subsequent depo.sition. These hypotheses broke down 
on further examination, .some neces.sary links failing to be 
realised when the experiment was made under natural conditions. 

Becent worker.s, therefore (Muiist, Ramann, Mori.son, Sothers 
and Stremme) regard the whole process as a formation first of 
a “sol ” and then of a “ gel,” and Mori.son and Sother.s suggest 
the following as the most probable course of events. 

It is well known that “ .sols ” change to “ gels ” in pre.sence of 
small quantities of electrolytes, and conversely “ gels ” often 
change to “sols” when electrolytes are removed. In normal 
soils the condition.H are favourable to gel formation, but when in 
these })articular .soils the upper layer of aind becomes denuded of 
its soluble material by the per.sistent washing of rain water, the 
conditions become fatvourable for the formation of sols of ferric 
hydroxide and of humus — or feiTic humate, if one likes to put it 
in that way. Mori.sKm and Sothers actually obtained such 
sols* by Xi(-‘Tsi.stent washing of ferric-humus gels. 

* Am mig^ht bo expected thene did not give the ordinary iron reactions. 
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As the sol is woshed down most of it passes to the permanent 
water level, where it remains and accumulates, diffusion being 
practically Jion-existent. During the dry months a certain 
amount of dessictition takes place, involving a deposition of 
the sol as a gel : there is also a certain amount of transformation 
of sol to gel through the presence of electrolytes in the ground 
water.* Some of the humus gels hec^ome oxidised, some of both 
humus and ferric hydroxide gels change their colloidal properties 
in other ways. When wet wejjther conies on again it is no longer 
possible for the whole of the deposited gel to change back tO' a sol. 
Deposition has begun, and the place where this happened serves 
as a seat of further action. 

This view seems more in accordance with the facts than the 
older one, in that it does not involve any unproved assumptions — 
such as reduotion of ferric; to ferrous iron and presence of ferrous 
iron in the pan. 


Flocculation and Defiocculation. 

Clay possesses well marked colloidal properties. If rubbed 
with water it becomes plastic, sticky and impervious : it shrinks 
on drying and absorbs heat; on moistening’, however, the process 
is reversed and there is considerable swelling and evolution of 
heat. The ipiportance of these observations is equally great in 
agriculture and in the ceramic industry. 

Two hypotheses have been put forward toacu’ount for plasticity, 
llohland attributes it to hydrated colloids xiresent in tlu^ clay : 
Atterberg’ to minute flake-like particles which iue able to slip 
over one another without difficulty. 

Another pTOperty of clay is of great importance to agriculture, 
and has received much attention from agricuiltural chemists. 
Addition of a trace of electrolyte — acids or salts — to puddled 
clay causes considerable ch-ange in j)roperties : tlie temjwiraj’y loss 
of plasticity, impermeability and the power of remaining long 
suspended in water without settling; the clay is now said to be 
fl(K.‘culated. The change can b<* watched if a small quantity of 
any flocculating substance is added to the turbid liquid obtained 
by sliaking clay with water; the minxite particles are tiieu seen 
to unite to larger aggregates whiidi settle, leaving the liquid clear. 
I’here is, however, no i)ermanent change, deflocculation takes 
,l>lace, and the original properties ret lu’u, as sikui as the flocculat- 
ing agent is washed away. Alkalis (caustic soda, caustic potash, 
ammonia, and their carbonates) produce the reverse effect : they 
deflocculato clay, intensifying its stickiness and impermeability, 
and causing it to remain suspended in water for long periods. 

These properties are of considerable importance in devising 
schemes of manuring for soils: it is obvious that alkaline sub- 
stances are to be avoided on clay soils, however rich they might 
be in plant nutrient-s, as they would produce undesirable 

* Ramann lays stress on this, Morison and Bothers do not because their sols 
were very stable in presence of electrolytes. 
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physic^il effects. On the other hand, slightly acid substances 
such as superphosphate hove no bad effects, but rather the reverse. 

Clay is thus an electro-negative colloid, its reaction probably 
being conditioned by a trace of potash liberated by hydrolysis. 
It shows the general properties of electro-negative colloids as 
elucidated by Schulze and by Hardy : thus it is flocculated only 
by a solution containing ions or particles of opposite electrical 
sign, and the extent of flocculation increases rapidly with the 
valency and concentration of the ion. No quantitative relation- 
ships, however, could be found by Hall and Morison. 

Pickering throws over the electrical hypothesis and attributes 
flocculation to a combination of the clay with the flocculant and 
the solute, whereby the aggregation of molecules increases so 
much that it loses its power of Brownian movement and soon 
settles. 


Other effects of Colloids. 

Various obscure changes are brouglit about on drying the soil. 
There is a marked im're^i.se in the jnoportion of water-soluble 
material, and, as Buddin has shown, in the ease witli whii-li 
nitrates are formed, (’hanges in tlie micro-organic population no 
doubt ac<-ount foi- some, ))ut not all, of these etfeid.s, and the 
simplest explanation is to attribute them to the changes in the 
colloids. Agaiji, soil lias a remarkable j)f>wer of decomposing 
Jiydio^vn jaTox/de, which is aff’eided by .small (juantities of 
variou.s substances, and may be a colloidal phenomenon. 'I'he 
decomposition of cyanamide in the soil has been attributed bi 
colloids. 

The influence of Colloids on Bacterial and Plant Tdfe. 

Plants and bacteria draw from the .soil their water and their 
nutrient salts, and are therefore profoundly affected by anything 
that retards delivery of these e.s.sential sub.stances. Inasmuch as 
colloids pos.sess markedly ab.sorbeiit i)owei-.s they might .serve as 
reservoirs tfi protect <igainst loss by evaiioration or leaching, or, 
on the other hand, they might actually (smijiete again.st the plant 
and hold .some of the supplies tJie plant ought to obtain. 

As- yet there is insufficient ex])erimental evidence to show how 
the various factors are likely to interact. Fortunately ecologists, 
both in this coiintry and elsewhere, are fully alive to the possi- 
bilities: (iola has discus.scd the influence of the colloidal complex 
in .determining 2)lant habitats, and Sohngen its effects on the 
activities of micro-organi.sms ; an illuminating resume by (kiveis 
has alsf) aj)i)eared. It is interesting to note that soils destitute 
of colloidal pro2>ertie.s are often infertile. 

The Estimation of So-il Colloids. 

Many efforts have been made to ©.stimate the amount of colloidal 
matter in the soil. Tliey fall into two grou2).s based on the 
absorption of dye stuffs and of water vaiJour resi)ectively. 
Methods based on the ab»orj)tion of dye-stuffs have been elaborated 
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hy SjolloDUi, Endell, Ashley, Kcjnig, Jlasenhaiinier iind ITassler, 
lltiii]('y and ^Jadokoro, the last named giving otlier references 
also. Metliods depending on the absoriition of water vaix)ur have 
been sugg(vsted by Mitscherlieh. Different methods (lo not give 
altogether concordant results, nor is it to be expected that they 
should ; it is highly improbable that any sharp dividing line 
exists in the soil between the typical colloids and the typical non- 
colloids; intermediate substences are to be expected showing 
colloidal properties only to a slight extent. It is certain, how- 
ever, that the finer particles of the soil — the clay and fine silt — 
show much more nuirked colloidal properties than the coarser 
particles — the coiirse silt and the sands. 


The Constitutiofi of the Soil, 

Roil consists mainly of disinlegrated and decmii'iK)se(l rock frag- 
iiKMitsof all sizes, varying from 1 mm. diameter downwards; these 
may be said to constiUilc its skeleton. Intimately mingled with 
these are ihe decaying remains of past vegetation. It se<'ms 
necessary further to supiwse that the particles ari‘ (*oate<l with a 
gel composed of silica, oxides of iron ami aluminium, soluble 
org’anic matter, and a smaller quantity of lime, magm»sia and 
potash, traces of ammonia, et('. : this g(d being sj)read redatively 
more thickly on the small parlicles than on tin* larger oin's. This 
view of the^coiistitution of the soil fits in with the known facts, 
and it has the further advjintage of offering a defini/e starting 
point, for fiirthcr investigations. 
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SEWAGE PURIFICATION WITH REFERENCE TO 
COLLOID CHEMISTRY. 

Uy EinvAKi) Akukrk, D.Sc., F.I.C., Chief (.'tie mint, Rivers 
7)epart))ienf , Manchester ('orporaiton . 

Althoug]) the problem of stowage purilic4iiioii, os it is kuowii 
to-day, dates l«ick to tlie introduction of tlie wa.ter-(,’urriage 
system in the early part of the nineteenili century, the signifi* 
can<‘e of colloid idiemistry in relation thereto has only been 
<»l)served witJiiu compiira lively recent yotirs. 

Even at the iiresent time, although c(‘rtain theories have been 
elaborated with respect to the fate of the colloid matter during 
the i)urification j)r(X‘ess, in the main such theories have been 
established by analogy trom the known characteristics of org«ini(‘. 
colloids and their behaviour muler certain conditions rather than 
from any sy.stematic study of the colloid matter actually present 
in sewag'e. So far as the writer is aware, no reliable data are 
available with respect to the separation, estimation and identifi- 
cation of the a<‘tual colloi<ls present originally in tlie sewage and 
during the various sbiges of the puritication jirtn-ess. 

With the view, tlierefore, of indicating tlie ])resent position in 
regard to the subject it is projKised (u) to state briefly the problem 
and (h) to give a resume of the chief tlu'ories advanced with 
res])ecl to the mechanism of the cluing’cs involved in the purifica- 
tion juxx'css, with sjiecial reference to the points of contact with 
colloid chemistry. 

Briefly, ordinary domestic .sewage may be .Siiiid to be the w’ater 
sujtply jKjlluted by human excremental matter, kitchen and other 
domestic* w'aste products. As in the majority of ca.ses a combined 
drainage system is adojited, rcxul detritus and W'ashings must 
be added. 

The character and strength of domestic sewage varies very 
considerably, dependent on the following factors; — 

(i) The extent to which the W'ater carriage system ha.s been 
adopted. 

(ii) The water consumption per head of ix>pulation con- 
nected to the sewer. 

(iii) Whether a combined, sejiarate or partially separate 
system is in vogue. 
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(iv) Leug’th of Irovel of outfall .sewer. 

(v) Ifuiuftill, contour of district, nature of subsoil, and 
clniracter of sewers, &c. 

In industrial areas the character of the sewage vs altered to on 
extent dependent on tlie natiire and relative volume of the trade 
wastes admitted to the sewers. 

In certain districts, e.g., in woollen districts (Bradford, Hud- 
dersfield, &c.), or centres of chemical industry (Manchester, Bir- 
minghom, &c.), these are such as to alter very materially the 
character of the sewage, and consequently to vary the problem 
of its purification. 

The main constituents of domestic sewage have been sum- 
marised by Fowler as follows: — 

1. Matters in actual su.spensiou : 

(u) Sedimentary matters, su<*b as silt and sand, &c. 

{()) Floating and finely divided suspended matters 
(l>aper, rags, faeces, animal and vegetable 
debris, «!ic.). 

2. Colloidal matters in j)seudo solution or emulsion: 

I’roduc Is of faecal emulsion, soaps ;ind fatty matters, &c. 
d. Matters in true solution: 

Amnntnium salts resulting mainly from the hydrolysis 
of urea. Nitrogenous substances — uiea, jn’oducts 
<d the (le<-omj)osition of iilbnmen -.pe])tonc like 
laalies, carlmhydratcs ; mineral salts — cbiefly 

sodium chloride, with ])liosijhates mainly derived 
from urine. 

It will be understood that on account of its complex cbaractc'r 
and the unstable nature of its organic contents it is i)ractieally 
impossible to dilfereiitiate with anytbijig like a high degree' of 
accunicy tin' various states of the organic matter pr('S('nt in 
sewage which under i)lv\sical and biological action is subje<d 
to transition trom one form to the other. 

( t'Shaughne.ssy has shown that the colloid matter in ]»seudo 
S(dution is deri%’ed mainly trom the faecal matter i)resent, and 
that althoug'h there is a limit tr» tin' amount that can he hiken up, 
the iictnal quantity (as measured by the 4 hours’ oxygen absorp- 
tion test) varies with the volume and character of the diluting 
water, the time of contact and tin' amount of agitation. 

Jt is thus evident that the amount of organic “ hydix)Sols ” 
varies very considerably in (lifh'reiit sewages. For <ui average, 
domestic sewage it may be taken that roughly one-half of the 
soluble organic matter is present in i>seudo solution. 

Sewage is such a heterogeneous mixture of complex and varying 
character that apait from such determinations as chloride con- 
tent, ammonium siilts, organic pitrogen, total susjjendedi and 
dissolved (true and pseudo .solution) .solid.s, its chemical examina- 
tion is usually confined to ceidain empirical tests such as 
“ albuminoid ammonia ” re.sulting fi^om the distillation of the 
sewage with an alkaline solution of permanganate of potash 
after removal of the ammonium salts, which is taken as a measure 
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of the albiuiiinous bodies present, and “Oxygen absorption” 

N 

from an acid solution of permanganate (usually — K MnO^) 

80 

under stated conditions, which gives an indication of the amount 
of oxidisable matter present. 

For the purpose of controlling purification plants, in addition 
to the above tests, the amount of oxidised nitrogen (Nitrite and 
Nitrate) is determined in the effluent. 

Incubation will show whether the effluent is putrescible, and 
determination of the amount of dissolved oxygen absorbed by 
the effluent from aerated water, as recommended l^y the Royal 
Commission on Sewage Disposal as a Standard Test, will afford 
valuable information with respect to the matter still capable of 
fermenbition, and consequently of the extent to which the 
oxidation change has been carried. 

With the object of obtaining informotion in relation to what 
liappens to the colloidal matters during tlie jmrification process, 
at any rate so far as the “ hydrosols ” are concerned, these tests 
liavo been sujiplemented by submitting the sewage and effluents 
to dialysis and llius determining the proportion of dialysiible to 
non-duilysable matlc'r and their respective oxygen absorption 
and albuminoid ammonia content, see Rivers (\)mmittee Report, 
Mamdiester, ’lOOl, Kriihnke & Riltz, Fowler & Ardern, Travis & 
Johnston, O’Sliaughnessy & Kinnersley (1901-1900). 

All objectionable feature of this metJiod of attack is the time 
required by tlie dialysis operation, which is usually not less than 
24 hours, even where the determination is stopped wlien equi- 
librium is attained (as measured by tin* (diloride content) on 
either side of the membrane emjiloyed, during Avhich jieriod there 
are many jiossibilities of cliange of character in an unsbible liquid 
like sewage. In tlie method employed by Johnston for the 
com])lete separation of the non-diiibvsable from the dialysable 
constituents of the sewage, a period of G days usually elapsed. 
The sewage and effluents were sterilised by the addition of acid 
with the idea of obviating changes due to bacterial action, but 
it is obvious that mere acidification is likely to alter the character 
of the stunples under examination. 

The method proiiosed by Rtibner of coagulating the colloidal 
matter by precipitation w’ith acetate of iron surmounts this diffi- 
culty but introduces other errors ivith respect to the removal of 
organic nnitters in true solution. Fowler and others elaborated 
this test and called it the “ idaritication test,” while Riilauts 
c-omjiafed the effect of acetate of iron with that of calcium 
chloride and sodium phos])hate, alumina, and ])owdered talc, 
respectively, the latter material being employed with the idea of 
UAoiding preeijiitation of org’anic matter from crystalloidal 
solution. 

A difficulty common to both these methods of investigation is 
the character of the preliminary treatment of the sample, under- 
taken for the removal of the finely divided non-colloidal matter. 
The method of procedure is eitlier to allow tRe stunjile to stand 
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for a stated period and to work with the supernatant liquid, or 
to filter the orig'inal siunple Ihroug'h filter paper. The first 
procedure is ojjen to tlie objection that matters in what may be 
termed ‘ maeroseopical ’ susi)ension tire incompletely removed, 
while filtration throuffh paper, in addition to the removal of 
such matter, may also remove actual colloids by the absorptive 
action of the film of suspended matters formed on the filter paper. 
It will tiius be s<M*n tluit it is diffiriilt to tlift'erentiatc between 
particulate suspended matter in a stale of fine (livision and actual 
colloidal matter. 

The object of sewaj?e piirificatioii is jirimarily to obtain an 
effluent which will not ixillute the water coui-se iiito which it is 
discharp'ed. 

An effluent may be said to be entirely Scitisfaclory which avoids 
the fcdlowinj? : — 

1. Secondary decomposition which may f^ive rise to aerial 

nuisance. 

2. Deaeration of the bmly of water into which . it is 

discharg'ed, 

•5. DejMisition on the bed of the watercourse. 

IlavinjT regard to the conditions usual in this country of the 
relative volumes of the strciam and sewage, the jiroduction of such 
an effluent involves the removal of sus]>ended matters and of the 
putresciblc organi<‘ matter in colloidal and crystalloi'dal solution. 

In the following jiaragraphs is given a brief account of the 
methods generally adopted to effect this object. 

The sewage as it arrives at the outfall works is usually passed 
through a detritus and screening chamber, where the heavier 
sedimentary matters, road detritus, &c., are removed, together: 
with fiiKiting matters, such as rags, paper, i&c., and a pi'oportion 
of the non-disintegrated faecal matter. 

Apart from the treatment of sewage on land by Imiad irriga- 
tion, or in some cases of intermittent filtiaition, or by the activated 
sludge jirocess, which will be biaefly considered later, the screened 
sewage then receives preliminary treatment by one of the 
following alternate methods; — 

1. Plain sedimentation tanks. 

2,. Chemical jirecipitation tanks. 

• ». Specially designed tanks such as the Hampton (Hydro- 
lytic) or Emsidier tank. 

4. Specially constructed contact beds, sucdi as the Dibdin 
slate filter. 

The main object of this preliminary treatment is to remove, as 
far as jiossible, the actiuil sus])ended matters in order to facilitate 
the subse([uent filtration of the sewage. 

In sejitic tank treatment, aiiaercrbic fermentation of the sewage 
is encouraged, with the vii'^w of reducing the vcvlume of sludge 
to be dealt with, while the double-decked tanks of Travis 
(Hampton) and Imhoff (Emsclier) are designed to confine sxich 
anaerobic- action to the defM>.sited sludge and so avoid a .septic 
effluent. , 
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Except in special cases where the sewage itself contains trade 
waste which may coagulate colloidal matter, simple sedimentation 
of the sewage, while doubtless effecting removal of a considerable 
proportion of tlie organic colloidal matter in the ‘ gel ’ form, 
is practically without effect on tliai in the ‘ hydrosol ’ condition. 

A certain projmrtion of the ‘ hydrosols ’ will be carried down 
by chemical treatment, but unless a fairly heavy dose of salts 
o>f in*!! or alumina witJi or without lime is employed, when the 
process becomes expensive and in many cases irapiac.ti cable, the 
tank effluent still contains appreciable quantities of organic 
colloidal matter. 

Krdhnke and liillz, Kolanls and others have shown that in 
the main the sewag(* c<!lloids possess a negative charge which 
very probably is not without effect in i-egard to the value of the 
.siilts of trivalent metals of opposite charge, such as thosi! of iron 
and alumina, in <-oagulating the colloidal matter present in 
sewage. Purely chemical reijctions and the effect of the extended 
siirffU'e aff<)rd<‘(i by the precipitate formed, cannot, however, be 
neglected in considering the j)rocess of chemical precipitation. 

While considering tliis question, mention should be made of 
the suggestion of Itohbuids to use j)lastic <day as a means of 
sejKiration of colloid matter. Polz, however, reports that as the 
result of large scale trials with dyeworks efflxient, the process is 
both unsatisfactory and impracticable. 

Keference should also be made to Degener, who, arguing by 
analogy from the absorjitive action of the ‘ humus ’ in soil, 
worked out a method of piu’ifying stowage by precipitation with 
j)owderod lignite and iron salts, which it is claimed is copable of 
removing not only the suspended solids, but also the colloid and 
other putrescible matters in the sewage to the extent of producing* 
a non-j)utrescible effluent. Dunbar, however, reports that it is 
only applicabb* in certain special cases, and that its cost is too 
gi’cat for g(»neral adoption. 

Efflin-nts from ordinary sei)tic tanks usually contain appre- 
ciably more finely divided suspended matter than the effluent 
resulting from either chemical treatment or simple sedimentation, 
as the result of the consbint rising and falling of particles of 
sludge due to the gas evolved conse(|uent on the anaei*obio 
decomposition of the deposited sludge. 

It has been found generally that as a result of septic treatment 
there is a small though appreciable reduction in the amount of 
oxidisable matter in ti"!ie solution. 

With regard to the action on the matter in pseudo solution, 
this seems to vary with the character of the sewage treated with 
j)articular reference to its original colloid content. 

O’Shaughnessy, working with a mixed trade sewage of low 
colloidal content, eoncUided there was a slight increase in the 
oxidisable matter in jrseudo solution as the result of treatment in 
s<!i)tic tanks, and Fowler and others have stated that where septic 
action was vigorous <!s the result of higher temperature there is 
evidence of some slight increase. 
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On the oilier hand Rolanfs, employing; a precipitation method 
for removal of colloids, found that while the percenUige of the 
total oxidisahle matter pre.seiit in pseudo solution was .sligditly 
higher in septic tank ettluent than in the sewage treated, the 
actual amount of colloidal matter (as me;isured by the perman- 
ganate test) was, if anything, rather less. On determining the 
organic nitrogen and organic carbon contained in the colloids 
present, which was considered to give a better appreciation of the 
colloid matter than does the oxygen absorption test, he found in 
every case a diminution of colloid matter in the septic tank 
effluent as compared wdth the original sewage. 

On the whole, it may be considered that septic action as 
exhibited during septic tank treatment has no material effect on 
the amount of matter in ji-seudo solution, the differences found 
being very little more, if any, than the errors in the method of 
estimation. 

The chief object of jireliminaiy treatment in slate beds is to 
keep the solids deposited therein under aerobic conditions as far 
as possible, and Dibdin has shown that if ojjerated in a ])roi)er 
maujier a considerable destnudion of the. deposited sludge is 
brought about by the agency of bacteria, moulds, and hig-lier 
organisms such as protozoa, worms, &e. 

While it is i>os.sible that contact with the slates will tend to 
flocculate, by surface action, .some of the matter in ,p.seudo .solu- 
tion, the filters are too o])eii to he very idfeetive in this resp(‘<d, 
(tiid it is iiit(lerst<H><l (luii ihc effluents ot>taijied are still lurhi<l 
and contaiji api)recial)le quantities ot colloidal matters. 

It can be stated that with properly designed plant, having 
regard to the maximum permi.s.sible vehwity of flow, a more or 
le^s complete removal of the gros.ser suspended .solids e;iu be 
obtained, and that, dei)endent on the character of the sewage, a 
considerable proportion ot the more finely divided solids, includ- 
ing, doubtless, colloids in tiie ‘ gel ’ (X>ndition, may be effected. 

It is, however, evident that nom; of these preliminary i)roces.ses, 
except heavy chemical treatment, affect appreciably the organic 
mutter in p.seudo solution. 

The resultant effluent, therefore, contfiins practically the 
original sewage s<jlid.s in .solution together wdtli a varying propor- 
tion of the finely divided suspended .solids, and its subsequent 
purification involves the application of extended surfaces. 

This is usually effected by distribution on land or on artifiidal 
filters composed of various inert media of ditt'eirent grades, in 
which the liijuid is held in contact with the filtering media 
(])laced in water-tight tanks), or is allowed to i>er(M>late through, 
either intermittently or continuously. 

Briefly, it may be .said by the adoption of any of tbe.se method.s 
no difficulty need be experienee'd in obtaining a satisfactory 
effluent, jiravided due attention i.s paid to the design of the pun- 
fieation works and to its (capacity in relation to the volume and 
character of sewage treated. 

With the object of dealing with the mechanism of the complex 
changes, jiliysical, chemical and biological, which take place 
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tlurinft' tlic oxidation or purificMitiou ])roce»s, it is proposed to 
consider brictly the tlireo main theories which have been advanced 
in explanation of the purification phenomena, more particularly 
with reference to the fate of the colloid matter. 

The earliest theory advanced with respect to the mechanism 
of the purification changes effected by the filtration of ‘ sewage ’ 
was based on the work carried out at the Lawrence Experimental 
Station, Mass., in respect of the development of the intermittent 
sand filters as advocated by Frankland, as a practical means of 
sewage purification. 

According to this theory, the suspended solids applied with 
the sewage or tank effluent are arrested mechanically in the 
filter by virtue of its fine pores, and subsequently oxidised, and 
the organic mailer in solution is directly oxidised and mineralised 
by bacterial agency during the course of its passage through the 
filter with the accumulation within the filter of small quantities 
of ‘ humus,’ which is very resistant to further fermentation. 
I’resunmbly colloids are included in the organic matters in solu- 
lion, allhough Ihey are not referred to specifically. 

This simple re])resentatioii of the j)urification j)rocess received 
.'(Imosi universal support, notably by Stoddart as recently as 1909. 

Dunbar assumed that it was not possible to bring about the 
comi)lele oxidatio'n of the complex organic, matler ])reseut in 
solution in sewage during the short ])eriod of time taken by the 
licjuid in parsing Ibrough Ibe filter, and as the result of a series 
of exi)eriineals extending (►ver a considerable period (1897—1900) 
corried out bv him and bis eolleagues at Ibe Hamburg ITvgienic^ 
Tnslitule (rh(c ‘ Principles of Sewage Treatment’) be advanced 
what is known as tbe “ absorption theory ” of sewage purifi- 
cation. 

This theory explains the mechanism of the purification changes 
as follows : — 

1. The actual sus])ended matters are removed by attraction 

of the filtering media, &c. 

2. The dissolved matters (true and pseudo solution) arc 

retained by absorption phenomena, which is 
accelerated and increased as the slimy matter, or what 
is termed the bacterial film, accumulates on the media 
ns the filter becomes mature. 

d. That the matters thus retained are oxidised by chemical 
action (condensed oxygen, &c.), and by tlie agency of 
bacl(‘ria and higher forms of life. ’I’he resultant 
soluble products — mineral s<ilts, amino-acids, <Sc. — are 
subsequently washed out of the filter by succeeding 
quantities of sewage treated. 

4. That this absorption process is prevented from ceasing 

by the action of micro-organisms, &c., in the presence 
of atmospheric oxygen. 

5. There is a residue of organic matter, &c., which is very 

resistant to further oxidation changes, which either 
accumulates in the filter or is discharged with the 
effluent. 
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The evidence available ■with respect to the mechanism of the 
removal fi om aewaf?e of organic matter in pseudo-solution may be 
summarised thus : — 

(i) The experiments of Stoddart designed to show its direct 
oxidation by bacterial agency cannot be considered 
conclusive. On the other hand it has not been demon- 
strated that under the favourable conditions present in an 
efficient filter, in which the sewage passes in thin films 
over a network of media covered ■with an active bacterial 
slime, the mean time of passage is insufficient to allow of 
direct biolytical oxidation of some portions of the organic 
matter in pseudo-solution. 

(ii) While it is accepted that sewage colloids may be precipitated 
or coagulated by intimate surface contact, this ‘de-solution’ 
theory can scarcely represent the whole phenomena of 
colloid removal otherwise such action would continue 
in the absence of micro-organisms. 

(iii) The conditions met with in a mature and efficient filter are 
such as to render it most probable that absorption phe- 
nomena play an imimrtant part in the removal of matters 
from pseudo-solution. 

In considering the final fate of the matters removed from pseudo- 
solution during the purification process it may be said- that, inde- 
pendent of what may occur with experimental filters inoculated with 
vigorous growths of micro-organisms, and operated lander ideal 
conditions, Stoddart’s view that none of the solid matter retained in 
sewage filters is derived from organic matters originally in pseudo- 
solution is not consistent with what obtains in actual practice. 

On the other hand the contention of Travis that the retained 
colloids undergo very little change as the result of biolytic action 
was formulated on entirely inconclusive evidence. 

In this connection mention may be made of Dunbar’s experiment 
in which a solution of albumen containing nitrogen equivalent to 
the organic nitrogen content of an average sewage was applied to a 
mature filter, with the result that almost quantitative oxidation of 
the sulphur was obtained, w'hile 58 per cent, of the total nitrogen 
appeared in the filtrate, 10 per cent, as ammonia, 20 per cent, as 
nitrate and 2.5 per cent, as organic nitrogen. Thus 42 per cent, of 
the nitrogen disappeared either in the gaseous form or accumulated 
in the ‘humus.’ A considerable part of the carbon of the albumen 
also disappeared as gaseous carbonic acid, but a part also went to 
form the ‘ humus ’ which accumulated in the filters. 

The Massachusetts intermittent sand filters have demonstrated that 
the amount of retained nitrogenous matter after 18 years’ continuous 
operation with ‘regulation station’ sewage containing its original 
suspended solids only amounts to from 4 to 5 per cent, of the total 
nitrogen in the sewage applied. Travis estimates this to be equal to 
about 20 per cent, of the original organic nitrogen. 

Recently, Clark in reporting on these filters after they had been 
at work for 28 years, states that for some years only as much sewage 
has been applied as can be purified without increasing the amount of 
organic matter, stored in the filters. 
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Comparison of the conditions obtaining in these filters with those 
of the modern ‘ artificial ’ filters in which sewage is treated at very 
much higher rates, leads to the conclusion that the results obtained 
may certainly be considered a maximum efllect with respect to the 
resolution of the organic matter deposited in the filter, at any rate so 
far as any practicable scheme of sewage filtration is concerned. 

The fact that the sewage treated contained its original solids 
in suspension unfortunately precludes any definite conclusion with 
regard to the actual resolution of the solids derived from matters in 
l)Seudo solution. 

In the Second Annual Report of the State Department of Health 
of Massachusetts (1916). Clark reports the results obtained with the 
operation of a senes of siind filters receiving respectively, (a) un- 
treated sewage, (&) settled sewage, (c) sewage after treatment in 
straining filter, and (d) sewage clarified by precipitation with 
sulphate of alumina The volume of sewage applied to each filter 
was varied so that each received as nearly as possible equal amounts 
of organic matter (measured by the organic nitrogen). It is interest- 
ing to observe that working in this manner there was no material 
difference in tlie amount of nitrogenous matter stored in the respective 
filters, measured by determining the amount of albuminoid ammonia 
in the sand. 

It would thus ai>pear that the nitrogenous organic constituents of 
sewage whether in actual suspension or in colloidal solution are more 
or less equally amenable to biolytic action, and consequently the 
percentage resolution of total organic matter observed in connection 
with the sand filters treating crude sewage should apply fairly well 
to the matters coagulated from pseudo solution. 

In conclusion it is evident that the total unresolved organic matter 
either retained in the filter or discharged with the effluent, will 
depend on the character (suspended solids and colloid contents) of 
the sewage treated and the rate of application with respect to the 
capacity of the filter, which will vary according to the type em- 
ployed. 

A survey of the suliject would not be complete without reference 
to the large scale operations developed by O’Shaughnessy with 
reference to the subsequent treatment of the sludge removed from 
the Birmingham sewage by treatment in sedimentation on septic 
tanks. 

This sludge is submitted to prolonged anaerobic fermentation, 
whereby appreciable auto-digestion of the sludge occurs with loss of 
colloidal character. By this treatment a dense and granular material 
is produced without nuisance. (Vide Reference, 1911, J.S.C.I., 
No. 1, vol. xxxiii.) 

The following reference to the “ Activated Sludge ” process of 
sewage purification is made on account of the rapid removal of 
oxi disable matter in pseudo-solution, which is effected without the 
aid of actual surfaces, other than is provided by the particles of 
sludge. 

An “ active ” sludge is built up as the result of the oxidation by 
aeration of successive quantities of screened and detritus free 
sewage. 
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This sludge is flocculent in character, has a very high hacterial 
content and contains numerous higher forms of life esjK'cially 
ciliated protozoa. 

When sewage is aerated in intimate contact with from 20 to 25 
per cent, (by volume) of activated sludge there is a rapid initial 
removal of oxidisable matter from pseudo-solution, with the produc- 
tion c-f a well clarified effluent, which is nitrified on further aeration. 

Judging by the volume of sludge produced it is presumed that 
the colloidal matters are removed from solution either by the 
absorptive action of the flocculent sludge or coagulated by intimate 
contact with the sludge particles, or as the result of enzymic action. 

While Bartow has shown that large quantities of carbonic acud 
are produced during the purification process, which is indicative of 
vigorous biolytic action, the high proportion of organic matter in the 
resultant sludge appears to preclude any material destruction or 
resolution of the organic matter present in the original sewage either 
in actual suspension or in colloidal solution although ii is evident 
from its appearance there has been a considerable alteration in its 
physical character. 

The high nitrogen content of activated sludge, which varies from 
J to 7 per cent, (dry matter) dependent on the character of the 
sewage treated, leads to the same conclusion, as Clark has shown 
that the sewage colloids contain much more nitrogen than do the 
grosser suspended solids. 

There is however an tindetermined factor, viz. : — to what extent, 
if any, is there any fixation of atmospheric nitrogen ? 

Ardern and Lockett have studied this question but further infor- 
mation is required before any definite pronouncement can be made. 

As previously stated, the sludge is quite flocculent and readily 
separates out from the purified sewage. 

Presumablj' on account of its gelatinous condition, the water 
content of the sludge is very high and cannot be reduced below 
95 per cent, by simple sedimentation. 

When this percentage has been reduced to from 88 to 90 per cent., 
either by centrifuge, or by treatment on* drainage filters, the sludge 
is of the consistency of a fairly stiff jelly, whereas ordinary sludge 
obtained from the sedimentation of sewage, containing a similar 
amount, of water, is quite fluid and can be readily carried and 
discharged through pipes. 

The solution of the problem of the best means of preliminary 
do-watering of this sludge, prior to drying, involves a study of the 
conditions favourable to the removal of water retained by colloids in 
the “ gel ” state. 

Chalkley Hatton has shown that such de- watering can bo effected 
by treatment in a modified type of filter press, with the production 
of a cake containing 75 to 80 per cent., moisture. 

There is, however, room for research, with special reference to 
electrical effects, in regard to the most economical method of 
de-waterising and drying the sludge. 

The problem is one of considerable importance to agriculture, 
involving as it does the utilisation of the full value of the sludge as 
a fertiliser. 
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A coiriplet(^ l)ibliogra])hy of the activaied »sludge process will 
be found in Porter’s publication, given in the list of references 
submitted. 


BlHLIOURAPUy. 

1901. 

‘ 33rd Annual Keporfc of State Board of Health,* Mass., p, 272-5. 

Examination and analysis of original sediment and suspended solids discharged 
from percolating filter. 

* Annual Report Rivers Department,’ March 1901, pp. 40-41. 

Determination of colloidal iron in open septic tank effiuent. Suggested dialysis 
as a means of studying colloids in sewage and effluents. 

1903. 

Kattein k LObbert, ‘ Gesund. Mag.*, No. 25. 

Absorption phenomena occurring in sewage filter beds. 

1904. 

Biltz u. Krohnkk, ‘ Ilyg. Runds.’, 1 Mai, 1904. 

‘ Ueber organische Kolloide aus Stadischen Abwasser und dereii ZustaiidsalRnitat.’ 
Considerable proportion of the oxidisable matter in sewage, after filtration paper, 
is incapable of passing through a parchment memVjrane, State sewage colloids have 
a negative charge and are precipitated by iron aitd zirconium salts. 

‘ 36th Annual Report of State Board of Health,* Mass. 

Time of passage of sewage through percolating filter determined. 

Results of 15 4, t) IH years continuous operation of sand filters, only 4 or 5 per cent 
of total nitrogen applied to filter was retained in the sand. That this material is 
very resistant to bacterial action. 


I9<»:,. 

Fowler A: Ahdbun, ‘ J.S.C.I,* Xo. ih vol. xxiv. 

• Suspcnuled Matters in Sewage and Effluents.' 

Dialysis of stiwage. slK)wed appreciable quantities of oxidisable matter in pseudo- 
solution — proportion of whole varies considerably with different sewages. Suggest 
method a.s a means of gaining additional information with respect to purification 
process. 

Ga(3E I)E, M., ‘Jour. Anier. C,S.\ vol. xxvii., Xo. 1. 

‘ Oentrihutioii to tin* Bio (Uicmistry uf Si* wage Furilication. The Bacteriolysis 
of Peptones and Xitrates.' 

Studies carrieil out at the Lawrence Exp-udmental Station, Mass., under the 
direction of II. W. Clark. 

Oiiir-K, Haruiette. ‘ Proc. Uoy. J^oc,’ B., vol. Ixxvii. 

‘A Study of the Process of Nitrification with Reference to the Purification of 
Sewage.’ 


190t». 

O’Shaugiinkssy & Kinnerslev, J.S.C.J. No. 15, vol. xxv. 

‘ The Behaviour of Colloids in Sewage.’ 

Extension of preliminary ilivestigation by Fowler und Ardern. and determination 
of source of colloidal matter. 

Jones k Travis, ‘ Proc. Jns. C. E.*, vol. clxlv., jd. 2. 

‘ The elimination of suspended solids and colloidal matter from sewage.’ 
De-solution theory of sewage purification dovolojied as the result of experience 
with the working scale plant (Hampton Sew'age Works) : anil a series of experiments 
with regard to tlie possibilities of physical action on sewage colloids, 

Johnston, J. H., ‘ J. Roy. San. Ins.’, vol. xxvii., No. 10. 

“ The Organic Colloids of Sew^age.” 

Description of Hampton experiments with regard to de-solution theory. 

Lubbeut, * Gesund. Ing.’, 190(5. 

‘ On the nature of the action of oxidation filters.’ 

State Board of Health, Mass. ‘ Annual Report,* p. 283, 
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1907. 

Dibdin, ‘ Analyst,’ April, 1907. 

The disposition and analysis of sewage debris in contact bed.’ 

Concludes that there is a considerable destruction by biological agency of the 
matters deposited in slate beds at Devizes. 

Biltz & Krohnke, ‘Z. angew. Cham,* 1907, 20, S8:i-887. 

A Description of Colloid Matter from Sewage. 

Partial separation of oxidisable matter obtained by the dialysis of sewage by 
treatment with various solvents-^Beuzene, carbon-bi-sulphido, nitro-benzene and 
petroleum. 

Clark, H. VV., ‘ Eng. New,’ 57, 007. 

Comparative disposition of organic matter by sand, contact and sprinkling filter. 
Clifford, W., ‘ J.S.C.I.’, vol. xxvi.. 739. 

‘ The time of passage of liquid through percolating btuls.’ 

Employed a modification of the 8t. Lawrence Experimental Station, Mass., where 
salt solutions were used. 

KunXER, M., ‘ Archiv. fur Hygiene,’ If. 

* Das Stadtische Sielwasser uiid seine Beziehung zur Flussverunreinigung.’ 

^ Recommends separation of colloids in sewage (after settlement or filtration 
through paper) by boiling with solutions of iron alum and acetate of soda. 

Fowler ^GIaunt, * J.S.O.T.’, Xo. 13, vol. xxvi. 

* The interaction of dilute solutions of ammonium salts and various filtering media.’ 

Rohlands, P., * Z. Chein. uud Iiid. Kolloide,’ 1907, 2, Abst. vol. xxvii. 

p. 31. 

‘ Clay as a semi permeable and its use for purifying factory efHiients, and sewage.’ 
Shows absorptive jjroperties of plastic clays. 

Fkeundlicii, ‘ Z. angevv. Chem.’. 20, 749-50. Abst. ‘ vol. xxvi., 61G. 

‘ Colloid precipitation and absorption.’ General discussion of the properties of 
colloidal ‘ sols.’ 

Dziekzowsky, ‘Gesimd. Mag,’ 1907. 

‘ Zur Theorie Kunstlicher Biologische Filter,’ 

Absorption phenomena. 

Dunbar, Ilamb., 1907, trans. by Calvert — Griflin Co., Ltd , Strand. ‘Principles 

of Sewage Treatment,’ 1908. 

Text book on the subject. Gives coiiiprehensivo references, especially to his own 
and his colleague’s work, in connection with the development of the absorption 
theory. 

1008. 

Clifford, W., ‘ Proc. Ins. C. E.’, vol. clxxi., part ii. 

‘ On Percolating Beds.’ 

A continuation of a previous study, ‘ J.S.C.I.’, vol. xxvi., 739. 

Fowler, Evanb & Oddie, ‘J.S.C.I,’, vol. xxvii. No. 5. 

‘ Som(j applications of tlie ‘ Clarification Test ’ to sewage and efUuents.’ 

Rubiier’s test of precipitation of colloidal matters in sewage by means of acetate of 
iron, examined and compared with results obtained from dialysis. Recommend 
use in control of sewage purification jilaiit. 

Travis, Owen, ‘ The Surveyor,’ vol. xxxiv., fi3-6fi. 

vol. xxxiv., G25-7, 
and vol. xxxv., 7-10, 

LUbbekt, a., ‘ The Surveyor,’ vol. xxxiv., 575 -8, 598 GOO. 

(1909), vol. xxxvi., 109-111. 

‘ The Hampton Doctiine in relation to Sewage Purification.’ 

Prolonged discussion between Travis and Liibbert as to respective merits of 
Travis’s ‘ De-solution’ theory and Dunbar’s ‘ Absorption ’ theory. Lubbert’s commu- 
nication translated by Calvert. 

1909. 

Rolants, ‘ 7th Int. Cong. App. Chein.’, London, 1909. 

Section viiia., 161-fG9, Partridge & Cooper, London, E.O., 1910. 

‘ Les Matieres organique colloidales dans les eaux d’egout.* 

Examination and modification of Fowlers ‘ Clarification Test,” and estimation 
of colloidal matters in sewage, septic tank effluent and filtrates from contact beds. • 
Johnson, J. H., reference as previous p. 171-177. 

‘ Physical and Biolytic factors in Purification of Sewage.’ 

(Concludes from experiments given that physical factor is very great, and that 
the biolytic operation is a very lengthy one. 
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Stoddabt, F. W,, reference as previous p. 183 - 210 , 

* Nitrification and the Absorption Theory.* 

Gives the result of a series of experiments in connection with the nitrification 
of ammonium salts, albumen, and sewage, which, it is concluded, disprove ‘ the 
absorption theory * of Dunbar. 

1913. 

Mumford, B. M., ‘Trans. Chem. Soc., 1913, vol. 103. 

‘ A new Iron Bacterium.* 

Isolated organism from basin receiving colliery pump water Under aerobic 
conditions is capable of completely precipitating iron from solutions of either 
ferrous or ferric salts. 

Fowlbr & Mumford, ‘Roy. San. Ins.’, vol. xxxiv.. No. 10. 

‘ Preliminary Note on the Bacterial Clarification of Sewage.’ 

Organic matter in colloidal solution in sewage coagulated by inoculation with 
the organism isolated by Mumford, and aeration in the presence of small quantities 
of iron salts. 

Rohlands, ‘Z. Chem. Ind.Kolloido, *1913, 12, 45~G, Abst. ‘J.S.C.I.*, vol. xxxii., p. 209. 
‘ Colour method of determining colloids in effluents.’ 

Colloids determined by absorption of aniline blue. 

POLZ, ‘ Parben-Zeit,’ 1913, 21, 395-6. Abst. ‘J.S.C.I.’, vol. xxxii., p. 940. 

‘ Purification of Dye Works Effluents by means of Colloidal Clay.’ 

States that large scale trial demonstrates method suggested by Rohland (Abst 
i J.S.C.I.’, vol. xxvii., p. 31) unsatisfactory and impracticable. 


1914. 

O’SHAUaiiNEssY, ‘J.S.C.I.’, No. 1, vol. xxxiii. 

*l’he Utilisation of the Phenomena of Putrefaction with special reference to the 
Treatment and Disposal of Sewage Sludge.’ 

Fowler & Cetffohd, ‘ J.S.C.I.’, vol. xxxiii., p. 815. 

‘ Not(»s on the com]>ositioii of Sundry Residual Products from Sewage,’^ 
Includes examination of sludge recovered from various sections of purification 
plant, with special reference to their carbon and nitrogen content. 
O’Shauohnessy, ‘ J. Inst. San. Kiig.’, part 2, vol. xviii. 

‘ The significance of Colloidal matter in the problems of Sewage Disposal. 
General consideration of question with special reference to the operation of the 
Birmingham sewage purification plant. 

SoffNDKN, ‘ Ch^m. Wienblad.,’ 1914, 1 !, 42 *59. Abst. ‘ J.S.C.I.,’ vol. xxxiii., p. .3L9. % 

‘ Influence of Colloids on Micro-biological Processes,’ 

Presence of certain colloids assists various processes, e.y., fixation of nitrogen by 
Azobacter and decomposition of starch by Bac. Ocbraccus. r, x i 

Marc and Sac, ‘ Koll. Chem. Beihefte,’ 1914, 5, 375 -410. Abst. ‘ J.S.C.I., vol. xxxiii., 
p. 564. 

‘ Determination of Colloids in Effluents.’ 

Colloids determined by mixing 10 grams of insol -substance, preferably pure 
BaSoj, with 20 grains of effluent, and shaking lor half hour. Original and clear 
polution obtained after separation of insolul)le matter, compared by means of the 
interferometer (.we ‘J.S.C.I..’ vol. xsxi.. p. The de?rea8e in refraction is 

proportional to the ciuantity of colloids in efliuent. 


liKDKREii. ‘Chem. News,’ I'.HC). 1i:?, .'108-9, 

‘Relative Rtabilities in T'ollnted Effluents carrying Colloids. 

‘2nd Annual Report of the State Board of Health of Massjichnsetts,’ 1916. 
r. 128, ‘Cause of the Increase of Organic Nitrogen in Activated Sludge.’ 
P. 14 6-7, ‘ intermittent Sand Eilters operated with Untreated Sewage.’ 
r. 149 -50, Intermittent San<l Filters operated with Clarified Sewage.’ 


1917. 


PoKTKK, J. E., General Filtration Company, Inc. Rochester, N.Y. 

‘The Activated Sludge Process of Sewage 'rreatment.’ 

A most complete bibliography of the subject from initial publications, 1914, to 


May 1917. 
Ardbuk, E., ‘ 
‘ A resume 
purification.’ 


J S C X ’ N^o 14 vol, xxxvi* 

of the present position of the Activated Sludge process of Sewage 



96 


REPORTS ON THE STATE OF SCIENCE. — 1918. 


COLLOID PROBLEMS IN DAIRY CHEMISTRY. 

{Milk, Butter, Cheese, Margarine, and Ice-cream.) 

By William Clayton, M.Sc., Chief Chemist, Calders Margarine 

Co., Lii'ei'pool. 

In this paper it is proposed to treat of Dairy Chemistry under 
special headings, drawing particular attention to the colloid ])lu>- 
nomona and problems involved. Milk (the basis of all the other 
products), butter, clieese, margarine, and ice-cream, each receive 
special consideration : — 

Milk. 

Milk contains substances which are inherently colloidal in nature, 
e.g., casein and albumen, and also materials which behave as colloidal 
systems by virtue of their line state of subdivision, e.g., the fat 
present as emulsion, the cell-content of milk, and the enzymes of 
milk. 

The casein of milk, a protein combined with phosphates of the 
alkaline earths, is present to the extent of about ‘1 per cent., whilst 
the second protein bodj’, albumin, is present to about 0‘5 per cent. 
Casein is so important from the standpoint of the colloid chemistry 
of milk, that a separate section of the paper has been devoted to it. 
The albumin, known as lact-albumin, is separated from casein, by 
precipitating the latter with acetic acid. Pure lact-albumin is an 
amorphous, tasteless powder. In aqueous solution it is coagulated 
by heating to 70" C., but only about Hi) per cent, to 90 per cent, is thus 
precipitated. [iSV-e Rupps. U.S. Dept. Agri. Bureau of Animal, Ind. 
Bull. 160. Pp. 1 IT). (April, 1913).] Lact-albumin is soluble in 
saturated aqueous Mg SO.|, but is precipitated if acetic acid be added. 
A crystalline form of this albumin is obtained if the saturated Mg 
SO 4 solution has an equal volume of wfiter added, a little acetic acid 
being present, and then allowed to stand. 

Amongst other reactions given by the albumin proteins, - lact- 
albumin is thrown out of solution by saturation with ammonium 
sulphate, or by addition of tannin, or phosphotungstic acid. It is 
insoluble in alcohol. 

Some evidence has been obtained for the existence in milk of a 
third protein, lacto-globulin, present to the extent of about 0'15 per 
cent. It is soluble in acidified NaCl solutions, is coagulated at 72°C., 
is not coagulated by rennet, and is precipitated by sodium sulphate, 
and tannin. 

r Ilammarsten, %. f. physiol. (Ihemie, 8, 467 (1183-4), 

iSVct Hebelien, Z. f. physiol. (Uismir, 0, 446 (1886). 

(Schlossmann, Z. f. physiol, dhemie, ^8, 11)7 (1896). 

The colloid chemistry of milk chiefly centres round the phe- 
nomenon of “ protection,” in this case, the protective action exerted 
by lact-albumin on casein. The subject has been well investigated, 
and is fairly involved ; for its complete understanding, the com- 
positions of various milks must be studied. The following table of 
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the average composition of various milks is Leach’s compilation from 
Koenig’s, "‘Chemio der mensch-Nahrung und Grenussrnittel.” 


Condanf, 

Cow, 

Jfuin/tn. 

Goai. 

Ewe, 

Mare. 


8.G. 

i*o:nr. 

i-o:i 

l*0H()5 

1*0298 

umi 

i*o:hJ 

Water per ciJiit. 

S7-27 

87*41 

8.5*71 

80*82 

90*78 

89*(;4 

Casein. 

:j-02 

]*o:4 

:V20 

4*97 

1*24 

0*07 

Albumen. 

()•:):{ 

i*2<; 

J-09 

nr)'* 

0*75 

1*5;“, 

kat. 

a<;i 

:C78 

1*78 

ri*s<; 

1*21 

i*(;4 

Milk Sugar. 

LSS 

0*21 

t*i<; 

1*91 

;)*(;7 

.5*99 

Ash. 

071 

o-:u 

0*7(> 

0*89 

o*.s.-, 

0*51 

Tt lias Ion 

g l)et;n 

known that infants 

can digest human and 

asses’ 

milk more 

(^asily than cows’ 

milk cf 

. Jaco])i, 

Jooro, Ant. 

Med, 

H.S'.sv/c//. 51, I ,‘ 

Ht; 1219 (IDtkS). 

.Asses’* mil k has 

always been i 

I'ecog- 

Jiised as a it 

*fuge in (ligestive 

disorders 

i, \vhe7) neitlior motliers’ or 

cows’ milk, or its mixrui’cs, were tolerabul.” 



Fi*om tlu’ 

1 above 

table we 

see that 

in cows’ 

milk the ratio of 

albumen to easein is 

only O’oil 

t.o .‘H)2, whereas in human mil] 

k it is 


1*2() to and in aeses’ milk tc ()*()7 (or over double the 

amount). “ In c.owh’ milk the casein forms o/hths of the total })ro- 
t(*ids in tlui milk, wheieas in women’s milk the casein forms 2/(>fch8 
of the total pi'oteids.” (Koplik, J)israsrs of l}if(i}inf Ji' GfiilcUioodr 
11 ) 02 .) 

Human milk is hardly curdled at all by acid or rennin, the 
reverse being triu* with cows’ milk. We see iheiu that i.he ratio of 
])rotecl^v(^ colloid (albumen) to the irreversible coagulative colloid 
(casein) is a most imporiaiit factor. 

“ Oows’ milk precipitates or coagulates very early wdth the aid of 
acids or salts ; women’s milk quite late or not at all. Hence in the 
infant stomach, cows’ milk do(‘S not take np much acid of the gastric 
juice and soon coagulates in larger masses. Women’s milk, on the 
other hand, tjikt^s nj) a large amount of acid of the gastjuc juice, and 
CA>agulaies late- in small masses. The diiferences in the modes of 
coagulation in the* two (caseins are of great iin])ortance in the study of 
infant feeding.” (Kojdik, Joe, n't,) 

(k)w^s’ iiiilk can be made to j’escmblc human or asses’ milk in 
})rotective (puilities l)y the addition of such colloiilal subtanccs as 
gelatine, ginn-arabic, ctuval gruel, or barl<‘y w'ater (a staichy solution). 
Very inbu-esting observatrons with the ultra-microscope were ma<le 
])y Alexander and Ibilbnva on this subject : — .sw; Clteat, Nctvs^ 101, 
Ilk) (11)10). '^riiese autljors followed the coagulation of milk by heat, 
renniii, and acids, wdtii and without the addition of protective^ 
colloids, by the aid of the uItra-micj*osc()]>e. They concluded that 
“the casein of milk is an irreversible or coagulating or unstable 
colloid, wJiich is ])rotecled by lact-albumen, a reversible or stable 
colloid,” and fiu ther tluit “ in the modification of cows’ milk for 
infant b'cding, it is necessary not only to consider the per cent, of 
total proteids, fat, (dc., pn^sent but to set‘ that the casein is adequately 
protected.” (Luc. c//., p. 11 ) 0 .) 

The fat prestmt in milk is carried down by the curd resultant 
upon milk-curdling. The greater the extent of coagulation, the 
larger is the amcjiint of fat carried down witli the curd, and since 
such fatty curds tend to coah'see and give rise to large masses little 
amenable to the action of the digestive juices, it follows that 

20895 I) 
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protection of iho casein b3’ some agent such as albumen or gelatine is 
most ailvautageouri, 

I AU‘xaii(lt‘r. ./. (Ir'in. Stu\ 32* 

^ I Auznl, 'I'Ik'm' ( ir Pdrt.s (1!K)7). 

j f\S. Puh. fittiUJi If ml JIo.\p. Srrr., H V/.J/ /y/t/Zit//. Jllph Hull, 41i 

A*niost mid c*onii)ivl»onsi vt‘ sfcinly of “'Idu' 

ot Cows’ iMilIv in (Ju* Iluniiin Stomaoh lia-^ h<H‘n inadi* by Ib'einu*- 
mann ( Arch. ri(‘s 34, 81-117 ilin7i ). 

Ho found that \v h(‘n frt'sli milk is <h‘unk, tho mirds foniKHl in tho 
siornacli are \ oi y lar-jr and Jiard, whilst milk l)()iloil foi* a minuti;s 
^ivos rise to small soft curds, d'lit' curds l)t‘com(' hardi‘r and biiJt^or 
as tht' fat ct.DieMi of llir milk is dccnsasiul. An inta’cas(*tl fat cofitcnt 
Iciids to ; mailer* and stiffen* cnnls, hut tinn'r di^tostion is less r*aj)id. A 
ra])id in<j;‘t‘stion ot milk product's lari*er enrds than do<‘S tlit‘ sipping 
of milk. 

J)iliiti‘d milk le;els to liner, tlakie'r, and more poi*r>us (*urds. Lime 
water ain.1 milk xlo not eu'^ilv coai,nihite, evani if at all. HarK'V water 
and other stareh\ decoctions, when added tr> the milk, lt‘ad to 
smaller curds, more t'asily <litifested ; they ('xert a 
influence over the casein. 

Another phenomenon of ^reat intioa^st in colloid chemistry is 
exhihiteil when milk is boiled, or made into milk pnddin^^s etc., 
namely, tlie formation of a skin or membi*ane at iho surface. This 
sul)joct has been invest i^i^ated by Ramsdtui : — 

A/cIii./, An(tf. //. P!i ij.\nU ji{5. r»l7 "3 4 (lsa4). 

PrO(\ Ilntf. tS(h\ 72* (llMi/i). 

47, :vM\ (leal ). 

iiamsd(‘n asserts that for this membrane f(a*mation there jiiust be 
present a free surface, and a ^en<n*al system as follow’s ; — 

water ' dissolvent colh>id ' ^as. 

Particles of the dissolved colloitl jiassing spontaneously* out of 
the solution ijive rise to a de]i(*at(' surfac<' ])ellich' or membrane. 
Ramsden found that all alljumins in time can foian such a skin at the 
still Burfa<*e of theii* Milutions. d’lu* colloid lowers the surface 
tension of tlie liijuid and passes into thi^ surface layer (adsorption), 
tlie process bein^r jtn irreversible one. Kven dilute solutions can 
ydt'ld ii hiithly con(*(mtrai(*d surface layer, followdng deiinite 
mathtunatical rohilions ; see MWner {P/iii. Mruj, P.K)7 (vij 13, 90). 

Tin* Fa! hi Alllh Oretun. 

Milk contains about w’tl per cent, of fat, presemt as an (‘inulsioii of 
fair stability\ On standing, the ^*Teat(*r j>o?*tion of tln^ fat rises to tho 
surface, as cream, and the milk tiuui contaiiis about ()*;i j>er cent, fat 
(water = 90*4 per cent.). ' Mucli argument has taken place as to 
whether tlie fat globules in milk are surrounded by a membrane, or 
by a gelatinous mucoid substance, semi-liquid, usually referred to 
under the lAanisli name ‘‘ sliTri-jnembran Stoj-ch claims to i.solate 
this mucoid body hy^ treating cream until all the lactose, casein, etc,, 
has been washed uway\ Staining milk with arnmoniacal picro- 
carmine, ?^torcli examined the fat globules under the microsco])e and 
observed a stain layer enveloping oacli globule. Though he claims 
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this fact as additional evidence for his ‘‘slim-membran” theory, the 
modern notion of adsorption can afccconnt for. such staining without 
assuming a mucoid surface at all. 

A milk from which the cream has been separated may be used as 
the medium for emulsifying such oils as coconut oil, and cotton * 
seed oil, to yi(dd artificial milks, emulsions of great stability. Such 
a result decidedly tends to <lisprovo the notion of a mucoid substance 
being necessary for the existence of the fat in milk ’as small 
globules. 

Cream is formed by tlie rising of tlie, fat globules through the 
denser milk serum to the surface. The density of tlie liquefied 
fat is about whilst that of the milk seruiu is over iniity. The 

diameters ol the fat gIoi)ules var^’^ betwi^en () ()1 mm. aiiil 0*001 G mm. 
Thick cream contains about per cauit. fat and 30 ])er cent, water, 
whilst thin cream contains about 20 ])er cent, fat and (il per ceiir. 
wat(‘r. fat i'.ontent varies between very. wide limits, and tlie 

percentag(' of fat is in inverse ratio to the donsit\ of tin* ^*ream. 

'File j>urchase of <^ream is basf^l on its ihic-km^ss, whicli is usually 
imuisured by its vis<^osity. 3'hi(*kness is often induced by the ai<l of 
such sul)stances as gum tragacanth, gi^latine, stai'cli, vist*ogen ” 
(lime and sucros(‘-syru]t), or by tlui ))ro(‘(‘ss of homogenising, />., 
forcing ilu^ ci*eam llirough minute orifict^s (ai a suitable ttuuperaiure 
below GO'f k) under pressure. (*SVv» see.tion on homogenised milk.) 

Since it is impossibh' to whip cream wliieh has undergone homo- 
genisation, gelatine, agar-agar, gum tragacanf-h is added to the 
extent of about 0*1 pel* c<Mit., so as lo indiute ixuunanent frothing 
on b(‘ating uj) the cream. It is interi'-stiiig to note that homogouised 
cream cannot be churned into butter. 

HuLier, 

Whiui milk or cn‘am is chiir*iuMl, the globules of fat eoah‘Sce and 
granuh's art3 foi*med, which are tlien workiMl togetiu'r to .give a mass 
of appanuitlv homogeneous t('xtur(\ Tin* averagt^ fat content of 
butter is iS.'ko [hu* (*ent. fal and tli(‘ \vattu* content about J3 per cent. 
WJien examined under th<; microscopic willi crossed Nieol prisms, a 
unifoj-nily dark lield is viewed, \Yhereas inai-gar*ine under simihir 
conditions pn*Hents a dai*k field cimtaining ])i*ighi portions and 
indistinct crystallimc structures. The fat in milk, on churning into 
butter, has no crystalline structure, whilst ma!*garine fats havt*, 
owing to their re])eated nu^Iting and cooling. 

As to the exact changes occurring when milk fat is cliurned into 
butter, there is still divei*gence of ojiinions. TJie iqiliolders of the 
slim-juembraii ” tlieory, argue that tlie mucoid substance envelop- 
ing the fat globules is rubbed otV,and the globules thereiqion laialesce. 
bdeischmann inclines to regard the pi’ocess of churning as being the 
solidification of sujierfused fat globuhcs, hut this theoi\y is discredited 
by the fact tlr.it tlio fat globules in milk are rapidly solidified by 
mere cooling. 

It is very likely, howa'^ver, that there is an adsorption layer of 
some kind around the fat and that during cluirning this layer is 
continually thinned out by the impacts of the various globules, 
eventually permitting coalescence to small nuclei, which grow by 
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de^reoK Tintil tJiat |»ar(i(*ul;u' inoiiu^ut arfi vt‘S ^vllrn iIm‘ hiiti ‘i* pariicifs 
suddenly beconu^ visible. There is still nM>iii for (*onsai(M-able 
physico-cln‘nii(*al r(*si'ai*t‘h in conneerion with this f lo \vn but 

little-elucidated ])lu‘nonien'>n. 

The butter iiuchu are workcnl uj) to a hunu»ireneous mass, which 
the inicroscoj)e shows to be a solid tunulsion ol tat, with lat the 
continuous medium, aud water tlu‘ tlisju'rse ])hast*, an exa< t n^vtn-se 
of the system occurrinir in milk, (t'ompari* siauion on Maritarine.”) 

The pliysical conditions of churning, es})ecially the teni])erature, 
exert a profound influence on the butter, particularly with regard to 
its moisture content. The main factors to b(‘ considered in this con- 
nection are the fat content, the acidity, and the viscosity of the 
cream, jind the agitation employed. A cream containing Hi) 
per cent, of fat churned at a tein))erature ranging from 1,‘i C. to 1<S'(\ 
should give good results. As cream ripens, lactic acid is produced, 
the viscosity of the cyeam diminishes and churning beconn^s easitu*. 
In this conm^ction it is interesting to note that aeids tend to make 
(uniilsions break/’ /.c., separate into oil and \A'ater, ]>robably by sonu* 
action on tlie protective (emulsifying) agent j)res('nt. lltTe the 
casein is coagulated and ])recipitated if tin* aci<lity is too pronounced, 
and casein clots may be found in the butcer mass. (d)iirning must 
not be conducted too ra])i<lly and violently, for then tin* moisture 
content will be too liigh owing to the enelosure of buttermilk within 
the|nuclei. Also <*hnrning must be sto])ptHl as soon as the butter 
granules reach the size of small peas, otherw ise thV granules wdll 
coalesce aiid retain an excess of buttermilk wliich cannot b(‘ w'ashe»d 
out again. 

The physi(*al chemistry of buttm* as a solid enndsioti has been 
little studied, as ind(H‘d have any cast's of solid (unnlsions, a inaltc»r 
which is referred to in more detail wlietj discussing “ Margariiu*.” 

f/V/.SV'///. 

f/V/sc/n is a phosphoj>rotoin occurring to th(‘ extc'nt of about 
o per cent, in cow’s’ milk uiul about 1 j)er cent, in human milk. It 
is coml/iiied with the idiosphalos of ilu' alkalitu* i‘artbs yudding a 
pseudo-soluti^m or very fim* eolloidal Hus]K'nsion. Some writers 
ado}>t Halliburton’s nomenclature aiul use tlie naim* "" casidtmgen,” 
ri'serving tlie term ‘‘casein” for tin' (‘urd pnMlucc'd by the ae-tion of 
rennet on milk. In this x)aper tlu' term ‘M*as('in ” is usc'd tliroiiglioii t 
(following llammarsten). 

Casein is ])r('cipitated fifiiii milk by saturating with Na(i, 
MgS04, and mineral aci<ls ; also by tannin, metajihos- 

pnoric acid, phos}>liolungstic acid, ZnSO^ and by rennet. Jt 

is soluble in alkalies and in solutions <u* salts wliich liydrolyse to 
alkaline solutions, c.//., jiliosphates, and it is insoluble in alcohol and 
ether. 

Wlien pure, casein is a wlnte amorphous, odourless, tasteh'ss solid, 
soluble in w^ater to about 0-1 per cent. Though prt^cipitated by 
mineral acids, it rediss()lves in excess of acid. 0})alescent solutions 
are obtained when casein is dissolved in just the necessary quantity 
of sodium phosphate and a little CaOlg ; some investigators believe 
this condition prevails in milk itself. 
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I itDalysiH of cayeiii derived from Cowh’ and from 

Inmat] milk respectively are : — 

( '(t.,sn it. 




flu ilia /(, 


0 

]i 

r)2'8‘J |)or cent. 

0*81 

52*24 ])(*r cent. ' 

7*82 

of. Lane — ('lay])oii 

X 

150.5 

14*97 

“ Mi/Ii am/ its ffij- 

s 

o-s;)2 

1*12 

iHomr J/r/atioiin” 

p 

0-877 

M. ,, 

0*68 

(1910), p. :i7. 

Casein is 

amphoteric in 

reaction, though its 

acidic functions are 


more pronounced, wlien it behaves as a tri-basic acid. When dis- 
solved ill dilute alkali a Z-rotatory solution ensues. 

Exactly as to how casein exists in milk is still a debatable i)oint. 
Some authors believe it exists as a salt of lactic acid, casein-lactate. 
That lactic acud and casein do unite was shown by W. Van Dam 
Werhh!ad. 7, 10L‘i (1910)). This author, using* Dredig’s ethyl 
diazo-acetate method, determined the reduction of the H ions in 
solutions of lactict acid produced by adding various amounts of 
casein. The c.asein combined with a constant amount of lactic acid, 
viz., 4*25 ])er cent. 

Jievis and l^iyne infer a combination of casein with calcium 
phosi)hat(\ Richmond adduces evidence ‘^tliat casein exists in milk 
as a calcium sodium salt, combined with one molecular i)roportion of 
tricalcium phos]»}iate.” {Ddiry Cheniis! rjf (1914), p. 30). 

Cas(dn is m>t coagulated when milk is boilecl, but alterations 
o(‘cur in the molecule aflVcting the action thereon of digestive 
ferments, and in all probaliilitj' increases the digcistibility. 

At higher t(nn])eratures than boiling, casein suifers partial 
coagulation, e.g., at 13)0-14(1' (k, and Jensen and Plattner are of the 
opinion that ilie browning of milk so heated, is caused by the incip- 
ient breaking ilown of the casein.” (/fee. gen, (In Lait IV, 3r)l-3tS<S 
( 1901 - 0 ).) 

Cf. Also Conradi ‘‘ ITeber doi] Eintluss erln'ditor Temporaturen 
aiif das (kisein <ler Mil(!h.” Mihnh, tnt^d. W ncjunisch. 48, ITo (1901). 

'Pin*, estimation of casein in milk is made as follows: — 10 grs. of 
milk ar(^ diluted (o lOO cc. and wanned to 12' (k To cc. of a 10 
pt^i’ cenl.. solution of acetic acid are achled, and the mixture well 
stiri'cMl. The i»recii)ita.ted casidn is allowed to settle for about 10 
minutes, filtered on to a tared iiltor pai)or, dried at lOo"" (f, ajid 
W(*igln*d. Ignite, and su])tract the ash, pins the ash of the filter 
paper, from the total weight. 

(kiseiii is ty])ically colloi<lal in nature as may he infen-ed from its 
Ixdiaviour in solution. It acts as a protective colloid, and stable sols 
of silver or cadmium sulpjiidos are readily prepared by passing Hi>S 
through solutions of silvei- or cadmium salts containing casein. Its 
gold number (debumiined in solution in ammonia) is 0*01, which 
stands cpiite high in the list of })rotective coUoirls arranged in the 
order of their gold no., i.e., power of jn’otection. 

Casein combines with a fixed amount of NaOII (1 gr. requiring 
0*8(S millimol of NaOH) yielding a solution which has a normal 
electrical conductivity, but which does not pass through parchment 
when dialysed. 

I) 3 
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("hick :iiul Martin siiowcd that huth aciil ainl alkaliiu' sulniiuiis of 
casein show an increase in viscosity as tht* ainoiinf' ol aciti ui' alkali 
present is increaseil, imlicatinff the greater atlsorpHoii ol water hy^llm 
casein-salt panicles than hv casein alom*. (("1.^. (Vir/n. In /. KoH. 
11 , 102 - 105 ( 11 ) 12 ).) 

Casein adsorbs acids, the amount adsorbed being almost directly 
proportional to the acid concentration. (Cf. Tangl, C/inn. 
(1908) 1,1288.) 

The part played by casein in the colloitl reactions of milk is very 
pronounced, and is discussed under “The Coagulation of Milk.” 

The Co(u; Illation of Mil/c. 

The coagulation or “curdling” of milk can be brought about by 
addition of acids, or by means of rennet, an en/yine oi)tainod from 
the stomach of the calf. The casein in the milk is not a<'ted upon by 
rennet in alkaline solutions, but onlj' in aciil or neutral soluti<ins, 
and the greater the degree of acidity of the milk, the more rajudly 
does the rennet act. Dilution of the milk with water inhibits the 
action. 

The natural curdling of milk is <lue to tli(> acidity produced by 
bacterial action, which sets free lactic acid. Various iuNcstig’ators 
have proved that it is the actual hj’drogeu ion comrentration that 
matters, and not the nature of the acid. 'I'he time re((uired for 
clotting is proportional to the hydrogen ion coiKMUitration. ((jf, 
Michaelis and Mendlessohn, Biochein. Zrif. 58, Ulo (liUo).) 

These investigators found that the optimum cojuauitralion of 
hydrogen ions required for the precipitation of casein b\- acids in 
pure solutions or in milk = 2‘r) x 10 The minimum concen- 
tration required was found by Allemann to be x 10 ’. ((,'f. 

45, 840 :i58 (11)12).) 

Orla-Jensen showed that e<iuivalent qiiantities of dill'erent acids 
are necessary to curdle equal quantities of the .same, milk at a given 
temperature, but the acids act at a different rate. ((If. Ovrr^nft. K. 
Danike. Vidennk. So/hJc. Fork., pp. 2<S7 -.'’) 01 ) (11)14).) 

The whole question of the coagulation of milk by aci<ls, and 
especially by rennet, is intimately connected with tin; (pieslion of 
the calcium content of milk, and any complete discussion must 
commence from this point. 

In milk about 76 per cent, of the total calcium is combined with 
the casein ; the total calcium content amounts to about 0 J<S per cent. 
That calcium which is not united to the casein (about 24 per cent.) is 
present as phosphate and citrate. (Cf. Trun/, Zeit.f. phifsiol. Ohem., 
40, 268 (l'.)()8-4), Rona and Michaelis. liioohem. 1 11 ( 11 ) 01 )),) 

When milk is heated, the calcium conteni falls. Thus Sbldner 
showed that a milk containing 18 mgms. of Ca. per lOOcc. when cold, 
lost 14 mgms. {i.e., ]7‘5 per cent.) bn boiling ; in two other instances 
the loss amounted to 18 per cent. an<i 24 per cent, resptsctively. A 
similar deci-ease took place in the content of PaO. 5 . Sbldner inferred 
that the Ca. was united with phosphorus as mono- and di-calcium 
phosphate; this on boiling was converted into the insoluble tri-])hos- 
phate, and so precipitated. (Cf. Sbldner, Landw. VersHv,h,s. (1888), j). 
351, Boekhout and de Vries, Lamlw, Versuchs. (11)01), j). 221.) 
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Orossi'r, Hiochrm. Zcll,^ 48, 427 (1913) took a sample of milk 
ami lilti^rtMl ]t throiif^h a liechold filter under a six atmospheres 
])r(iHSore of nilrof^en, thus removing the colloidal constituents. The 
filtered milk was analysed raw, and also after being boiled for 
If) minuh'S. The CaO content of the raw filtered milk was 23 *4 
per cent, of the initial (un filtered) sample, and after 15 minutes 
boiling, only 18’() per cent., or a loss due to heating of 5 ‘4 per cent, 
of OaO. Repeating this experiment with butter-milk he found no 
change in the CaO content of the raw and the boiled filtrate, and 
inferred that the phosphorus and calcium had been spilt off from 
the casein owing to the acidity. 

Whim milk is boiled the decrease in the calcium content is 
accompanied by a rise in the hydrogen ion concentration ; see 
Mllroy, Jiiocheni. Jour.^ 9, 215 (19J5). Ap])roximatel 5 ’ 8 per cent, 
of the total crude protein of fresh milk is not recovered by acid 
])i*ecipitation or heat coagulation. Cf. Palmer, J, Ass, Off. Agric, 
Chniiists^ 2, part T., 141 (i91(>>. 

RenneL Cortgidation. 

When reiimd is added to milk a se]>aration into a procii)itato 
(cunl) and li(]uid (wlu\y) takes i)laee ; the casein is transformed to 
a dyscaseose, ^'curd ” being the insoluble calcium cotni)ound of 
this, and to a caseose (soluble). Rennet can clot 4l)(),()()() times its 
weigliL of caS('in in milk (Hamniarsten), but it is a most remarkable 
tiling tliat shaking the rennet renders it inactive. Of. Schrnidt- 
Nielsen, ZriL /. jdigsiof. (Jhrni.^ 60, 42G-f!2 (1909). An aqueous 
solution of riMuiet can be se])arated into fractions, having varying 
cai)acities for curdling milk by filtration through p<>r()ns chi}". See 
Koi’schun, Zai/. J\ fifigsioL Oheni.y 37, 306-76 (1902)." 

Him net acts best at 41° 0., and the curd is then very firm ; a 
lluffy, soft curd results fit temperatures between 15° C. and 20° C. 
(at whiidi temperature only 1<S per cent, of tlie milk is curdled), and 
also lit 50° (). (where 50 per cent, of tln^ mdk is curdled). The 
optimum range of teniperalure is from 36 to 45°. 

Rennet is reudeivd inactive by prolonged storage, by shaking, by 
luxating to tem])eratures over 60° 0., and by addition of alkalies. 

Wlum milk is liealed the action of tlie ro!inet is delayed, owing 
to t he precipitation of calcium, but if OaCI:: be added, the coagulation 
occurs in the normal way. Milk deficient in calcium salts requires 
a longer time for rennet-coagulation to take place. Cf. Siildner, 
JjamhiK r/o’.sncA.s*. (1888), p.'351 ; Ringer, JoudkU of Physiology., 
11, 461 (J890) ; Conradi, Mi'oich. nicd. Wochvnsch., 48, 175 (l!)0i) ; 
Ki*ei(|] and Leiik, Riocheni. Zvit.., 36, 357 (1911). 

Tntcu'esting observations were made by Rupp, who observed 
that curdling by rennet was more rapid than with raw milk at 
temperatures between 55° C. and 65° C., but slowed down at about 
70° K!. to nearly double the time ; in this case, however, a finer 
graineil coaguliiin resulted. Of. Bureau of Auioial Ind. Bull,., 
p. 166 (19J3). 

Althougli boiled milk is not curdled by rennet, a coagulation 
occurs on the addition of small amounts of 0aCl:2. Lindet {^Oomptes 
Rend us., 157, 381 (1913)), suggests that this is due to the interaction 
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of tlio (^a(1o ^vith the alkali phosphate ainl riira(t‘ in the ifiilk, tlius 
reducinii* the eonlent of tht\se, ainl reiuleriiiLT ihe caM in les-^ solnhU*. 

Duriiii:?’ the action of reniu^t tiiere is no (.’liane^o in tlH‘ hy<lro^t‘n 
ion coiiceiUi'atioti, l)iil this is raisial by athlition ol S(>lni»h‘ i*aleium 
salts, and deei'eastHl by atidilion ol ainnioninin (►xalai* . It « is 
inttawsting’ in this conm‘c*tion to laa^ali (he laet titat fenin’t atrfs best 
in acid solution, i.e. in tlie pi*i^s(‘nc<‘ ol hxdroL'eti ions It was 
shown bv Van Dam l)y the dettaaiiinai ion ol idectfieal (*onduet i\ ity 
that tlie ceajU'tdat ion time \arit‘d in\t‘rstdy as the h\droL;;tMi ion 
ooiu'entration, set‘ ZriL 58, t I‘.K)Sl 

Alellanby has advanced an interest inir ilieory for tln^ rennet 
coa^mlation of inilk, assuming'* it is dm* to the adsorption ol the 
enzjmie by the easein, and the subseijiumt ))reeipita( ion ot the 
enzyme-casein complex by the bivalent Da ions of tlie milk, 'l^he 
quantity of ionised Ca salt recpiiretl to ollect precipitation is 
intimately related to the (piantity of the enzyme adsorbed. Of. 
Jour, of Phyiiiot.^ 45, .‘U5 (11U2). 

Bang observed that by jtdding rennet in fractions to milk, 
summation is noted, e.g,, the coagulation tinn^ on adding O'l cc. of 
rennet to 10 cc. milk is 8 minutes, and on adding 0*2 ce. four 
minutes. If, iiowever, 0*J c(*. is added, and 4 minutes lab^r 
another 0*1 cc., then clotting occurs two minutt‘s aft^ r tin* second 
addition. Xo such summation occurs if the milk, after the first 
addition of rennet, is heated to (15' 

Bang's many experiments led liim to conelmh* tlial i*onnet is 
not a coagulating enzyme, since rt*nnet of itself does not pi‘odu(‘e 
curdling, and the final act of curdling is not true coagulation, but 
is more akin to the precdfiitatiou of proiein ])v n(*utral salts. (d‘. 
Ivar Bang, Shuud Arrhir. PhysioL (Bl]]), 85, ']i):> 111. 

Anoth(*r conception of tin* rtmnet (‘oagulation of milk is 
advanced by Sc]ir\\<‘r, /'/oe. Hny. So<\ {Iflj;)), B. 86, p]>. Kid iSI. 
When solutions of calcium salts and sodiuTii cholaie an* mixod, a 
clot results on heating. For salts wdiicli incr(‘a.^o i)h* .surface 
tension of w’at(‘r, the greater their aimmnt j>res(*nl, the shortei* will 
be ihe time I'equired for clotting to take j>lace. Salts which 
decrease tlm surface t<*nsion decrease tin* time for coagulation, only 
up to a cortaiii limit of concentration, above which tIh* time is 
i/icreased, or the coagotlalion etitirely prevent(*d. 4di(i inhibition 
of coagulation is uitributed to the adsorjilion of simple molecailes 
by the more coni]dex colloids which are tliereby ]>i evented from 
coalescing. In mill: the necessary materials exist, but the adsorj)- 
lion of simple molecules from the solution stops the coalescing. 
Rchryver assumes that the enzyme clears the surface of the colloid 
from the alisorbed sulistances thus permitting coal(*sct*ne(‘ to occur. 
He asserts that in milk the'clot formation depends on the presemje 
of four sji-ies of substances present, viz., simple inhibitory sub- 
stances, colloids, enzymes, and calcium salts. 

Alexander advanced a somewhat similar notion, his view being 
that the casein is “protected” or held in stable sus])ensi()ii by the 
hydrophile colloid, lact-albumin, which rennet destroys, thus permit- 
ting the coalescence and preciiiitation of the casein particles. Cf. ^tk 
Ini. Cony. Ajy^. Cheni.^ 6, 12-14 (1912^. 
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A, Y<*rY i*(‘tn;u*kal>lH (>]>S{*rviit ion hiiB betin iimd(^ by KriMlil and 
la^nk \ Ilnii'hrni, Znt.^ 36, 357, f 11)1 I )). ^J3n\y assort tlmt sUa-ilo milk 
(‘oiikiiiiod in sl» rilo vn^ssels will nut clot wlnm treated with sterile 
rtnuud. If, houman*, om^ dit)S into tin* mixture a non-st(‘rilis(‘d body 
such as lln^ limner or a ^jflass rod, clotting sets in. A few dro])s f>f 
ordinary millc will also caus(^ clottiiiju^. 

In coneliisiun attrition is dir^‘Cted to a most int(‘restin^^ ])ap(‘r by 
llordas and 'roui)lain on It^eae-tions of (hirdbni Milk due to the 
( V)lloidal Stab* ” {(U>})ijifas Ikrjtr/ffs^ 150,311 (IDlO)), Avli(M*e the view 
is adv^anctMl that the reactions of (Uirille<l milk hitherto attri])uted to 
the p?N-senc<^ ol enzym<*s may be explained by the colloidal state 
of the casein. 


I'/ir Cellida?^ Content of Milk. 

Milk contains a large number of cells, falling into three main 
classes : — 

(1) large uninucleated cells ; 

(2) multinucleated cells : 

(3) small uninucleated cells. 

1ln‘se cells ar(‘ formed either from the epithelium of tin* gland, or 
from blood and lymph. They may be (estimated by ciuitrifuging a 
given (piantih' of milk, c.//., 10 cc. (])referably warmed to about 
70° C.) and examining tlm sediment by a microscope. Very varied 
results are given, thus Kussell and iJdl’niann obtained figures varying 
b(dwe(m 1,000 and 1,000,000 cells per 1 cc. milk. 

(T Mfwloti, .A*///*. 13, (lin:n; Howhtt and Uovis. p. 8:>ft 

(lin:)). JiUfr. of /n/ ' f)(.sra.sr,^.lQ,7 (UU^) ; and Hoffmann, 

hif. 8. Su[)pr. (if), (IDluy 

n.-t.iilcd know 1*'| !<>•(> of -tJif nature of the cellular content of milk 
iH still ineaKi’o, and the subject is only referred to here, uh indicating 
another factor iti the very complex colloidal nature of milk, wince 
modern colloid chemistry is no longer the study nt umlialysuble or 
glue-like suhstanca-s. but of matter in a (inely divided lonn, thus 
ombraeing grains, bubbles, cajhllary structures, animal ctdls, etc., 
and ind(!ed any system of at least, (wo phases, iiivolviug extensive 
surface areas. 

'I'he cell content of milk is mainly of interest to histologists whe 
are investigating its j-elation to disease in the cow. See Puhlic 
llvaUh Dei>l., Washington, lierort No. 7S ( I'll 'i).” 

Honoujen ised Milk. 

Homogenised milk is the. term giviui to milk which has het'ii 
heated to r)()-(i()°C, and then forced under great ])ressure through very 
small orifices, thus red'icing the fat iiarticles to very small diameters, 
e.g., l/lOOth of the original size. When such a milk is allowed to 
stand, practically no cream separation occurs at all, the milk remain- 
ing a Jioinogeneous system. 

d’his change! in (he disporsity of the fat leads to phenomena well 
known in colloid chemistry. The extension of .surface area of the 
fat leads to greatly increased adsorption of the milk serum, and the 
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fat f^lobules boar a “condonsetl layer” which i.s very tenaciously 
held. 'I'lu' rising of the fat globules is thus inhibited an<l no cream 
separates. Again, one cannot churn homogenised milk, since churn- 
ing really im])lie8 the coalescing of the fat particles, and the sei)ara- 
tion of the milk serum. 

The density of milk suffers no change on homogenising, 'rhe 
viscosity increases, due to casein adsor})tion by the fat gk)bules, and 
the milk is thicker than ordinary milk of the same fat content. 
Wiegner reduced the average diameter of fat particles in milk by 
homogenising from to about 0'27p. From viscosity measure- 

ments he calculated (hat in ordinary milk about 2 [ler cent, of the 
casein is adsorbed, whilst the casein adsorbed by the fat in homo- 
genised milk is about 2.5 per cent. 

No change is pimluce l in the molecular dispense constituents of 
the milk, as is indicated by the fact that the electrical conductivity, 
and the osmotic pressure (determined by F. Jh.) sliow no change. 

If the homogeui.sed milk is kept at a low tein})e rat lire for some 
time (ho viscosity* rises, and the fat particles do aggregate son'tewhat. 
Skim milk cannot lie liomogeiiised since it is nearly fat-free, ami the 
casein present is already in a high degree of disiiersity. Although 
mechanical means are of no avail, chemical means allow of this fur- 
ther disjiersion of the casein, r.//., when NaOfl is added to skim 
milk, the viscosity increases i*apidly with the concentration of the 
alkali. 

HomogeMi'Aed Cmini. 

V/hen cream is forced through an homogenising machine at a 
})ressure of from 3,999 to 1,000 lbs. per square inch, the fat particles 
become extremely small, and the product is very viscous. Sejiaration 
of the fat again is rendered almost impossible, even on centrifuging ; 
also it admits of neither churning nor whipping, and a colloid 
substance such as gum tragacanth must be added {e.g., O’l i>er cent.) 
before a jiermanent foam can be produced. (Of. KoH. 15, 

10.5 123 (1914).) Owing to its excessive thickness, homogenised 
cream is utilised in making ice-cream, since a cream containing 
about 17 per cent, of fat will, if homogenised, serve in an ice-cream 
as effectively as an ordinarj^ cream of fat content 25 per cent., the 
final product having as good a body and texture, as well as 
“ creaininess.” An objection to homogenised cream is its peculiar 
“starchy” flavour, this being more apparent, the highiu- the tem- 
perature at which homogenisation is conducted. 

The surface tension of homogenised milk is lower than that of 
the normal sample of milk. 

Artificial Milk. 

(If late years artificial milk has been prepaied, and numerous 
patents taken out in this connection. It is simple enough to make a 
solution containing all the inorganic constituents of milk, but the 
organic (colloidal) constituents present a more difficult problem. 

Certain nuts and beans contain proteid subsuinces closely akin to 
gluten or casein in properties, e.g. soya beans contain about 37 per 
cent, of such proteid matter, which can be brought into colloidal 
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solution by boilinf^ with alkali, or salts which react alkaline, e.g., 
sodium phosphate. 

Thus, von Riegler [Fr. Pat. 461131 (1913)], prepared an artilicial 
milk by dissolving gluten in caustic potash. It is usual, however, 
to emulsify a small quantity of oil (say 3 per cent.) with this colloidal 
solution of casein, and then to add small quantities of lactose, lactic 
acid, citric acid, etc., to render the similarity to milk more comi)lete. 
Other ingredients which lind their way into artilicial milks are 
dextrin, malt extract, sucrose, d(‘xtros<*, honey, NaCl, NaH CO.-,, egg 
yolk, and preservatives. 

Artificial milk can be “soured” by inoculation with lactic 
bacilli, and may be condensed, or made into artificial cream, butter, 
or cheese. Undoubteilly, a big future awaits this product, and it 
marks an espticial advance in its use in margarine manufacture. 

For further didails cf. : — 

Mellmitfli. Hrit. Pat., 24572 (191.‘}) ; G-oseel, Fr. Pat., 45114? (1912), and Fng. Pat., 
27800 (1912) : Monahan A Pope, (T.S. Pat.. 1104:170 ( 1914) ; Y.Y. Li, Frig. Pat .S()275 
(1910); K.antm.ami, ling’. Pat., 7290 (1913); Liobrich, Kng. Pal., 12355 (1898); 
Melhnish, Eng. Pat., 9r(20 (1915) ; liockmaim a. Dyck, U.S. Pat,, 1210052 (1917). 


Tht‘ KnrJ!jmt‘S of Milk. 

Enzymes are colloids, constituting a special class of catalysts, the 
catalysts being living organisms. Their prescmce in milk gives rise 
to some interesting facts explicable along the lines of our modern 
notions conc-erning colloid phenomena. The following enzynu'S are 
])resent in cows’ milk : — 

(rt) Peroxidase. 

(A) Reductase (indirect). 

(c) Catalase. 

((/) Amylase. 

There is no conclusive evidence of the i>resence ht ju’oteolytic 
eiizyiiK'S, lipolytic (fat-s]»litting) enzymes, or of lactase. 

(a) Pi'roxidaxc. 

This (Uizyme is always present in cows’ milk, and its destruction 
by heat furnishes the basis of numerous tests devised to distinguish 
between ])asti“nrised and unpasteurised milks. The first test used 
was to add tincture of guaiacum and IlaOa to milk, when, if ])er- 
oxidase was -present , a blue colour appeared. This test dejiended on 
the fact that guaiaconic acid (present in guaiacum) oxidises to a blue 
compound. It is noteworthy that HgOa alone does not give this 
coloration with guaiaconic acid; an activator must be ]»resent to 
giv<i the activating impulse to Ha 02 and then oxidation can take 
place. Such an activator is peroxidase the enzyme of oxidation. The 
active system, ijeroxide plus peroxidase, is termed an “oxidase.” 

The enzyme is destroyed by heat ; also it behaves catalj’tically, 
since extremely’ large amounts of peroxides can be acted ujjon, 
Ijrovided an oxiilisable body be present. 

The guaiacum test, is replaced to a large extent by Storch’s more 
reliable test involving the use of para-phenylene-diamine, and H 2 U 2 . 
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Cf. Her. desi. VersKcknt. d. K. Vet. n. Landb. Hochs., Kopenhagen ; 
MdchzUj., 27, 371 (1898). 

Agrey-blut* coloration is given. It is necessary for this test, how- 
ever, to use only 1 drop of TI 2 O 3 inasmuch as boiled cows’ milk gives 
a blue coloration with p-])henylene-dianiine and HoOo, if (he latter 
is juesent in sulliciimt quantity. This is owing to the fact that the 
casein interacts with an o.xidaiion product of the amine giving a blue 
comi)ound. Such a milk would not respond to the guaiacol test, 
unless a peroxidase were added. (If. Nicolas, Bull. Boc. C/tini. 9, 
2t]t;-2t;9 (1911-J 1). 

’Phe im])ort.anee of the “peroxidase reaction” in the colloid 
choniistj'yof milk lies in the fact that most investigators now bdieve 
]>eroxidase to 1)3 a peculiarly active form of colloidal iron or 
manganese hydroxide, held in solution by a protective (hj'drophih') 
co]l(jjd. 

This ])roteclive colloid or emulsoid stabilises the system, and very 
likely confers Hpe<-ific ))roperties such as coagulation by heat, atnds, 
alcohol, etc. See I’errin, ./. de Chhn. 3, K)3 (11U).'>); also, 

Ih'ihmann and Shuaniine, Binehem. Zeitn., 42, 230-219(1912). 

Wolir, in his “ Coni ribnl ions d la eoinuf,iss(t,nee de diiuo's pheno- 
m'enes oziidasiqiies notnrels et (irtijiciels" (1910), describes th<‘ full 
reproduction of all the actions of peroxidase with colloidal ferro- 
cyanidt of iron. Similarly, Sjolleman made an artificial oxidase with 
a colloidal solution of manganese hydroxide. 

Lactic acid and hydrogen peroxide only interact very slowly ; if 
now, a trace of ferrous sulphate be added, oxidation proceeds very 
rapidly indeed. A similar acceleration of oxidation can be brought 
about by addition of peroxidase. Thus the close similarity between 
the true inorganic colloid and the enzyme is showui clearly. In fact 
an artilicial peroxidase of marked aetivitj’^ was described by Jlony- 
Jienault, Ihill. de Id classe d. Sciences, Acad. roy. de Belgique, 
pj). I()r)-1G3 (1908), viz., A solution of JO grs. gum-arabic, I gr. 
manganese formate and 0*1 gram, sodium bicarbonate in 1)0 cc. 
water, is treated with alcohol. 'I'he ppt. is redissolved and re])re- 
cijiitated by alcohol. The precipitate contains colloidal manganese 
hj'droxide kmit in stable solution by the “protecting” gum-arabic. 

The “ peroxiilase reaction ” is, no doubt, very closely connected 
with the iron content of milk, and it has been shown that thei-e is 
((iiite sullicient iron in cows’ milk to produce the I'eaction. 'Phe 
amount of iron in milk varies from 0 * J to 0*7 mg. per litre. Cf. 
Kdelstein and von Csonka, Bioedunn. Zt., 38, 14-22 (19 12). 

Sarlhou, Jour, de Pharin., 2, 583 (1910), and 3, 49 (1911), showed 
that the peroxiilase reaction can result wlien as small a (quantity as 
* 0002 % of iron is itresent. 

The reaction is used in dairy laboratories to detect between raw 
and pasteurised milk, and although great dill'erences of opinion are 
held as to the temperature at which the reaction is no longer given, 
it is generally agreed that milk pasteurised by heating to at least 
70° C. for about 15 minutes, renders the peroxidase inactive. Cf. 
van Eck, Zeit.f. Unters. Na/ir. u. Qenussm., 22, 393 (1911). 
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Othor papers oC much interest in the elucidation of the i)eroxidase 
reaction : — 

Fenton, Trans, ("nrm. S(tr., 05, HDD *)1() (18m). * 

Euler and lioiin, X. f. p/n/.stnl. (hem.., 57- 80--‘J8 (lllOS). 
lIerzof»’ aii<l Meier, Z. f.phif.sial. 73» 25S-2(>2 (IDIl). 

Bach and Choilat, HenrhtrtL (linn. //V.s., 37- 1842 -I.US (l‘M)l). Arrlt <1 . Sftrnrrs 
TJnj.s. et {/rnrra^ 37' 1^^* 

Arnost, Z. ('ntrm. Vahr. n. (Urnuaxm. (PdO*)). IQ- 
Bertrand, (\ Uetulns. 124i hdiri (IS117). 

Kastic and Torch, »/. of fitoL Chcm.^ 4. 801 (1012). 

Koopcr, Z. T^nfers. Vahr. //. (tenu.s.\m.^ 23* ^ (^012). 

Leffiiuinn, Aiudi/sT ISOS, p. 8."). 
v^ames, Mdrhiv. Zcnfrtdh.^ 0, ‘TJ2 (1010). 

Sarthoii, Journ. dr fduinn, , 3, *4:0 (101 1 ). 

Selijjrnuuiri, Zj . J\ 50. (lOO.T,. 

IJtz, Z. /. anprtr. 10, S71 (lOOd) Or.Arrr. (lirnt. Zhj. (1001), p Ohh 

Waeiiti”’, Arh. a.d.UtnscrI. ^/e.v ////////., 26. OU (1007). 

Wt'her, Mdvhziij. (1002), ])p. 0.'i7, r»7.*>. 

Wirthl(‘, ('hrnt. Zhj, ( lOOd), p, 1S2. 

(/>) Ihifhirtasr. 

It has leiig Ikh '11 known that if iindliyhoio blue be added (o milk, 
tlie. blu(! colourat ion proiluet'd eonld often be (h'.stroytHl by ineul)atinj^ 
the milk for a while, tln^ time i-erpiired varying with the saniples of 
milk taken. 'I'Ik* action is rt'cugnised as a baelerial one, and great 
elforts have been made to utilise it to Tnoasurt* the bacterial content 
of milk, blit owing to the fact that only some, and not all, of the 
bacteria in milk are csmcerned in the reaction, the method was 
found very unveliabh*. 

Schardinger {Zetl. (’nlrrfi. NnlinoKja- and (Tetinss)uHlrl 5, 11 13- 
lliil (1!H);2)) made some notable observations on the milk-reduction 
of methylene blue, establishing the f(dlowing facts : — 

(1) l*’i-esh milk alone does not reduce methyl«me blue. 

(l) l^’resh milk to which an aldehyde {e.y. foianaldehyde) has 
been added reduces methylene blue to the leuco or 
colomdess base. 

(3) This decolouration does not take place if the ndlk has been 

boiled. 

(4 ) If bacterial development be permitted, then^ is no need to add 

aldehyde to milk to obtain tlie rediiction of methylene blue. 

The reaction in the absence of aldehyde is now termed the “direct 
reductase reaction,” and in the presence of aldehyde, the “indirect 
reductase reaction,” 

Shardinger’s M.B. I'eageiit is obtained by diluting 5cc. of a 
saturated alcoholic solution of methylene blue w'ith lUucc. of water, 
llis F.M.B. reagent contains occ. saturated ale.; methylene blue -b 
5cc, of -10 jier cent, formaldehyde + IdOcc. wattu’. In each case one 
uses Icc. of the reagent to 20cc. of milk warmed to ir)'-' to 50" (k 
'Phe specitic enzyme causing the reaction is termed “aldehyde- 
reductase ” or “ formaldehydase.” 

It is interesting to note that analogous reactions in inorganic 
chemistry are obtained, using the colloidal solutions of metals of the 
platinum group. Thus aqueous solutions of hypophosphites are 
oxidised on the addition of linely-divide.l palladium : — 

U:,POa -1-211^0 HsFOs + H.-f-H oO. 



no 
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Formaldehyde is unairei*toi.l by colloidal })alladium, but in the 
presence of methylene blue, nitrates, indigo, or other easily reduci- 
ble bodies, the aldehyde is oxidised, and the reducible bodies act as 
“ receivers ” for the hydrogen. 

Bach, Arch. Sci. phi/s., Geneve, 32, 27-41 (1911), assumes the 
existence of a perhydride of oxygen in the water, H 4 O, analogous 
to peroxides in the i*eroxidase reaction. Such a compound has 
never been isolated, and one feels that its assumption is not reqxiired, 
since the theory of tjie activation of the water by the en/yme amply 
meets tlie case. 

An enormous mass of work has been done on the Schardinger 
reaction, but a recent paper by Lee and Mellon (./. I/n/. Knij. ('’hem. 9, 
3t50 (1917) ) ably summarises the ]>resent }H)sition. The conclusions 
reached aiv : — 

(A) M.'thylene 1)1 ue a.s it occurs in Schard inker’s reagent F.M.IL 
is not decolourised by 

(i) Xnrmal fresh milic in le.ss than 20 minutes. When 
decolourat ion was effected in 10 mins, or less, the 
milk was found to contain l.OtKI.t'OO or im»re micro- 
organisms per ice. 

lit) Milk jiastenrised at 70" ('. for 10 Joins., unless 
approx. bS Inuirs have elaps<‘d since the niilk was 
pastcuris('d, or until the I)actei ia have had time to 
ni ultiply su lliciently. 

(iii) Old niilk in which formaldehyde had inhiijited 
the giowth of bacteria. 

(li) Scliardinger’s ivagent. K.M.H., is as a rule decolourised by 
norjiial milk allowed to “age” under ordinary conditions 
of tem]»eraiure for 24 to 4<S hours. 

'yi') Pasteurisation increases the time re(|uit*ed for the de- 
colon risalion of the I’eagent. 

f!)) Iji general, no pi'oportionality e.xists between the time 
required for the decolourisatiun of the reagent and the 
number of bacteria in miJk. In a given sample, how- 
ever, a general relatioji seems to exist between tInJ two 
uj) r,f> a given ])oiut of acidity. 

( K) Ina^mllcl) as there is no absolute paralhdistu between the 
Hit iiilic)' of liacteria in the milk and tiio time required to 
decolourise the reagent, but that the ridationship seems to 
e.xist in <‘i givtm sam])lc of milk, it would indicate that 
reductase is of bacterial action, hut that not sill bact«!ria 
found in milk imxluce this enzyme. 

(F) It secjns jirobable that formahlehyde either gradually retards 
the action of the I’eductasJf or destroys it. 

Sev<!i’al vei'y interesting ol)servatious on the Schardinger reaction 
have been made by various investigators. Thus : — 

Utz (^Zdt. angeuK 6 V/cn//V (16), <S7.l (1902))) showed that sour 
milk could he made to give the reaction by adding to it 
NaOll or other alkalies. 

lixdlmann {Jjiockem. Ze/d. (32), 4 46 (1911) ) showed that instead 
of HCOII one could use formic acid for the F.M.B. test. 
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K(nuer and Haiiiea {Z(hJ.J\ Ihilrrti, Nrihr^ tt. (20), 

1 ( 19J())) showed that milk which failed to respond to 
tlio Schardinger test would do so if a small quantity (less ^ 
tlian 1 per cent.) of ferrous sulphate were added. The 
ferrous sulphate solution must not be boiled. 

BnJLIOUUAVIlY. 

Amp, Anaftfst^ Jan. (1018). 

Bach, liiorhoni. /eit. 31, 44:i (1011) and 33, 282 (1911). 

Barthcl, Zolt, /. (iNtpra, Xahr- h. (trnKft.stn, gf, 513 (1011) ; AiUihjxi^ 36' (1011). 

Bertin-SaiiH and (lanjoux, d' If f/(f. 36, (lOM). * 

Burri and Kurstciner, Milrlnr. Zoitfralh, 3» 40 (1012). 

("athcart and Hahn, Arch, f, Hifij. 44' 205 (1002). 

Fred, ('cnfralh.f. Baht, ii.‘(l012) 35, 17 ; Anahj,si^ 38, 02 (lOlS). 

»)en<eii, Ucr, <jni. tin Lttii . 0, 33, 50, 85 (100(>). 

Lai^ane, Bee, iriBjtj, 36' 222 (10*4). 

Xciss(*r and Wcclisher):*, Afiiitrh. med. Work. 47- 1251 (10<li>). 

Paa! and (ic*riiin, Benchted, chan. (tcscU . 41. 805 (^lOOS). 

SelijjfniMnn, /.at. t. Htfq. 58, ^ (lOOS). 

ShrocU r. ('cnfrnlh. f.'linht.u. 32, 181 ( iOlI). 

/rtf, t\ ff/it/t’tr, ('ha/t. 10, 701 (1003). 

Sinidl, . !/•<•//. /*. JJtftj. 58' '^1*^ ( lOos). 

Soiucrtt‘ld, t'cntidUt 4, 1 (lOOS). 

(<•) C(flftlffS(\ 

This very r»‘iii:u*lcul»h‘ ouva in*" uni\ir^al\\ \>\a's nw \\\ en\\''s 
milk. It acts on hyd!*oyn*i: jxo'oxido lo prodncr /nnh'ctfhir 
this rt'snit bednu’ \ <*ry uni(j.n*, smer f»in* n>n:dly < ht.u ns ‘ acti ve ’ or 
atomic ox \ \\ hm 1 1 < )j is d(*coin{iO>ed. Tfu* • 2 on(‘raJly-a(*cejded 

i*xi)lAiialion is Tlral iln‘ cn/ynn* attacks i wo niolocoiles of ll^O:; 
sinuiltancousl) , tlins : — 

(^italasc in milk is osiimatcd by mcasin'inu’ tin* volume oi ox 3 ’<i‘eii 
liboi’ated xvlien a j:tiven (piantii) of is added to a i^iven <juaiitity 

of milk. Usually one takes 2t)c*c. of milk ami nee. of a o percent. 
II^J )‘j solution, usim:: a s|)e(nal apparatus, wliiidi is kt‘])i in tlje water- 
bath durinj^ tlie cours(* of (lie lest. 

Tin* eatalas(* is most proliably of bacccnal acrion, and its amounf 
increasi‘s xvlnm (he milk throws stale. ('ream contains a lari.u^r 
))erccn(a.ge of (;atalasc than liie rest of tin* milk. So far no for 

the normal (*atalaso conttmt of milk is a-^rc ‘d u[)on, rhouiirh such a 
standard is d<'sirai)le as an indication of tln^ bacterial content of a 
given sample. 

Oxidisiiiij: agents sindi as chloraic^. nitrates, anti hydixygen 
peroxide, and poisonous liodies like IK'N or inercnric chloride are 
especially harmful to catalase ; indet*d, Uuler has shown that a strength 
of 1 in I,()()0,U(H) of IlUX reduci's the ri*action ytdocit \ of catalase by 
one half. 
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(fi) A///i//ffsr. 

This enzMiie is only present in small amount, e.z/. Lane-(daypon 
found that ]i)ec. of cow’s milk at ‘M hydrolysed about *(l()| to *()();i 
urm. of standi in three hoin*s, ddie srai*ch is con\erted to d(‘xtrins. 

IvoniiiLT fmind the amylase activity of milk to be dt^slroyed on 
heatiiiij^ to bS (k for In minutes. 

M VlUl \RIXK. 

rNlartrariue uaduiolo^fy prt'Si^nts man\ (piesiions of ip-eal intm't‘st 
to the (Nilloid Fhmnist, and oilers a wide fndd of ivs<*Ur(di in ])ure 
})hysical chemisir\. 

^Mar^uiriiu^ is a sub.^iilute for lhun*r, certain animal ami M‘,e’ePt])l(‘ 
oils and fats replacinir the familiar butt«‘r lai. Tints stc^arine, oleo, 
lard, coc(»aruit r)ik jialm kernel oil, coitons(‘e<l oil, ami araidiis, ka|)ok, 
maize, and wheat oils are all in preszmi use. ddie oils and tats are 
liquefied tomdlier in certain ])rojKUMionh, depemlnm on the (pudity of 
the mai’.uai'ine reqtiired, and tlieii churned with soured milk to form 
an emulsion. d’his emulsion is rapi<lly cooled, (dtiier Izy mt^ans <»f a 
spray of iced walei* um'na- ]>r(‘ssure, oi- li) Ihnsins' <>n to w(dbcz>oled 
revolvin<4' zlrurns. 'The prodiud. in eatdi (*ase is then worktal up in 
drums or rollers to tin* re((iiired buttery texture and eonsisten<*y. 

For an accounr of juodern Mari^dirine Tta.dimdo^w, (d‘. (dayton, 
J.S.O.I., 36, 120r>-ld0d (ldl7). 

In the manufacture of margarine, the ])roc(‘SS of emidsific.ut ion is 
of first im])oi*lan(a\ ddu* olgecd of ehurnine is Xn imitate the 
emulsion found in eream and njilk, xvheie llui fat .ulobtih\s liavo 
diameters ranging from ()*()1 in.m. to OOOltl m.m. and r(‘main as 
disC'ret(‘ particles. The general theory of emulsification indicates 
that with two immiscable or only' partly^ misciiile Hzjuids, two tyja'S 
of emulsion ar(^ possible, each constituent btdng in turn tlie disjierse 
and then (lie continuous jzhase. For concentrated solut ions a t bird 
femiilsifying) agent is required. Wheia^ <»il is to be the internal or 
<lisperse })hase, the emulsify^ing agent shouhl b<‘ eaj)able of lowering 
tile surface teiir-ion of tht^ external or continuous medijiin, and should 
be viscous, as is glycerin, or an ernulsoid, like gcdatin. If oil be 
dispersed in water, a stable emulsion can be made, th(‘. stability 
depending on tlie minuteness of the oil drops, tliis in turn btdng a 
result of the efficiency' of the emulsifying apparatus. If, however. 
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water be (lispernetl in oil, a very unstable sj^stein is produced, s(‘par- 
atioii into two layers takinjjf place as soon as beating-u]) ceases. Now 
milk by virtue of its colloidal content is an excellejit emulsifying 
agent, when oil is the disperse phase. Consequently if milk be in a 
churn in bulk, and oil is slowly fed in, with continuous agitatioti, an 
excellent emulsion of great oil concentration can be produced, and 
will set to a honiogenetnis mass afterwards. Rut if the oil be in the 
churns in bulk, and milk is fed in, a very unstable system r(*sults, 
which easily se])arates into layers on slopping the agitatif)n for a 
while. This has btaui ])roved many times aiivl the (*xpianation setuns 
clear : — To get a suitable emulsion of water in oil, one would re(juire 
an enmlsif \ ing agtmt whicli should form an o/7-solubb* colloidal 
solufion but in milk the colloids are /m/cr-solubh*. Rotli tlieoj’v and 
pi'actice condemn any form of churning which would lead to 
emulsion with <n' 1 as the continuous medium. Such einulsions when 
cooled l)y icaal water, or on drums, solidify with clot foianatiun, and 
the n-sultant inargai‘ines are " spotted ’ in texture.” (Clayton, hoc, rit.). 

In nrder to aid c‘iiiulsifi<*ation many (‘olloidal sulistances have 
been j)ropost‘d for ns(‘ in making margariiu*, stareli, gelatin, 

glycerin, egg-yolk, lecithin com])ositions, etc. idlest* agents nro. 
added to tlie nnik, and ctu-tainly do have a most Jndjiful etl't^cl when 
churning. So small a <inantily as 0*1 per cent, of glycerine added 
to the milk or oils (siiua- it inixt^s with oils) leads to much im])roved 
(Miiulsuicat iow. The usually-a(*.cei)ted theory ai'eoiinling for this 
]dM‘nomeuon is that the emulsifying agent forms a ujembrane or 
tilm around the oil gloliult^s and so prevents thtdr coidesetuiee. 

Rgg-\ oik, nsually com]K)unded in Sesame Oil, has been fai/*ly 
widtdy used in niai‘garine works as an aid to eliurning, and if is very 
int(U*esfing to note that egg-yolk, ccmtaining abonr Jd ])e)* eem. of 
leeitliin, and In ])er cetit. albumen, both colloids, is an e\(H‘prionaily 
stable emtdsi(»n, not separating into phases eviui on long standing or 
CfUiTrifuging. 

lb*aeiiral!> all liie ]diysico-cbc)ni<*al qiieslions relating to murgarine 
involve dis<*usHion of emulsions, and unforlunately rather too little is 
understood coneia-niiig tiieiii, whilst the pliysieal ciiemistry <»f as-n//f/ 
rnnilsioti, such as margarine as a tinished article i)resents, is only in 
its infaiK'y. 

The tirsi qu(‘stion which arist‘S is concerned with the determi- 
nation of the nature of the external, and dispei*se piiases of a given 
sample of inargarim*, /.c., is it a solidilied oil-water or \n at er-in-oil 
emulsion ? That, is a hard (piestion to answer. With liquid emul- 
sions tiu* prohlinn is easier, and throe methods at liaist may he 
einploycul to iliiVerentiate : — 

( 1) By a Kfda /iJtorrsis test^ since the internal ]diase Ixnng iiega- 
tividy charged will wander to the anode. 

(2) huiiaxliH' MvUuhL T\\\h method depeiuLs on tlu‘ fact that if 
one adds an oil-soluble dye to an emulsion, the dye wills})ivad if the 
oil he ihi‘ eontiunous medium. Thus Robertson used Sudan III, a 
red dye, in Ins work on emulsions of oJive oil in water {cf\ KoH, 
Zeit,^ 7, 7-ld (IIMO).) With an emulsion of oil in watiT, tlu' eolour 
would not spi'oad, hut he eoniined to those globules of cfil with which 
the colour grains were actually in contact. 
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{li) Drop Method. The principle involveil is that one can dilute 
HU ' emulsion by adding more of the continuous medium. (6V'e 
Newman, Journ. Phys. Ghem,, 18, 34-55 (1914). ) 

Nov.' these methods are not suitable for a solid emulsion such as 
margarine, though the staining with dyes, followed by an e.vami- 
natioii of a thin film under the microscope, sonu'tiines gives valuable 
indications. M’he electrical jonductance of margarine, the heat con- 
ductance, and the viscosity would seem to otter suitable lines of re- 
search in this problem of distinguishing the nature >)F the phases. 

If the niargarint! were an oil-in- water emulsion, one would 
antiei])ate a po.ssil>Ie electrical conductance ^^sinc(^ there! is at least 
1 per cent. XaCl present), on tlie same lines as the conductivity 
through a set jelly, e.;/., gelatine. But with a water-in-oil emulsion, 
the conductivity (if any) would be very small indeed, inasmuch as 
the cojttiguous particles are now fat, which is chanicbTi/.ed by its 
insulating pro])erties. 

Again, it would l)e most interesting to investigate the lieat. con- 
ductivity of two solid emulsions having inverted phases. 'rhe 
corn'sponding case of the heat conductivity of a set jelly still remains 
for research. 

Possibly information would be alforded by the viscosity of a solid 
emulsion. 'I’he role ef viscosity in colloid researche.t is increasitigly 
manifesto',!, and “the great importance of viscosity mcilsurements as 
the most delicate means of tracing slight changes in colloidal solu- 
tions is fully recognized” (PI. Hatschek). Indeed, with an emulsion 
like mai'garitie, with an average ratio of oil to watt'r, ,”>•() : 1, one would 
antici]>ate notaI)le variations in viscosity depending on whether the 
oils and fat.s constituted the disperse or continuous medium. 

There are many <}ther problems of a colloitl nature connected with 
margarine, but they are onh* ap[)arent to one actually in contact with 
the entire process. Thus, wh}' does soured milk yiehl a better 
emulsion with the oils and fats than sweet milk ? Certainly, no 
very sound theory is as yet ])roposed, (hough it is interesting to note 
that oils and fats containing a small percentage of free fatty acids 
will much more easily emulsify with water than will neutral oils 
or fats. Since sour milk is distinctly acid (lactic aci<l). there would 
seem to be some connection here, but minei-al acids cause emulsions 
to “ break.” 

P’inally, in connection with margarine manufacture, one research 
of great importance is suggested by the use of the various emulsify- 
ing agents previously' referred to. Ho far, little work has been 
published describing what one may term the * emulsifying efficiency’ 
of such an agent. Thus, to make a concentrated stable emulsion of 
an oil in water, one adds gelatine, starch, gum, flour, etc. It would 
be very interesting to arrange these Substances in the order of their 
capacity or power of stabilising a standard-strength emulsion, and 
then investigating the possible counection between the “ emulsifying 
efficiency ” and the gold number, viscosity, surface tension, etc., of 
their pnre solutions in water (cf. Moore & Krombholz, Brit. Journ. 
Physiol. 22, 54 (1908) ). 
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Cheese. 

Cheese is obtained by the rennet curdling of milk. The curd is 
cut up small and the whey expressed from U. ; t\\e mans AWw 
salted and allowed to ripen by bacterial and enzymic action. There 
are many kinds of cheeses, but for the purpose of this paper their 
description is unnecessary. Very little indeed is krMiwn of the 
colloid chemistry of cheese, except that porti(ni reluiing^ to the 
action of rennet on milk and the subsecpient production of curd. 

The following are some tyi)ical analyses of hard cheeses : — 


IT^O. Fat. Protein. Ash. 

Per cent. Per cent. Per cent. Per cent. 
(a) Stilton... 4P()() 2:P7() 2*75 

(0) (dieshire :Vt*70 2(MC 4*;50 

(c) Cheddar 'Xi W) 23*05 27*;57 4*05 


The st]*ucture of cheese varies from a dough-like to a granular 
texture, and it is in tliis connection that the only colloid! researches 
have been made on cheese. 

Van Dam investigated the swelling of casein under the influence 
of common salt atul lactic acid. He ascertained the solubility of 
casein in solutions of NaCh (5, and 1 per cen^.) containing lactic 
acid, and obtained curves showing the relation between the dissolved 
casein and the concentration of the hydrogen ions. Cf. van Darn, 
(iedenlihiteh. (iftn J. M. van Beouneln (1310), pp. 102-107, 

Chick and Martin published results on the viscosity of casein 
sols, which bear somewhat on this problem. In the case of both 
alkaline and acid casein solutions, the viscosity increases with the 
(|uantity of alkali or acid present, which indicates that the casein- 
salt j)articles have a greater adsorptive ])ower for water than has 
casein itself. Cf. Z. Chetn. Ind. Koll. 11, 102-105 (1912;. 

The most important contribution to the subject, however, has 
been made by Allemann and Schmid {La)idw. Jahrh. Srhuudz. 30, 
357 -383 (13 If)) ). They investigated ‘the elasticitj^ of the coagulum 
produced in milk by rennet.’ 

An ai)pa]*atus was emjdoyed which measured the resistance 
which the curd offei’ed to a vertical rod carrying three concentric 
rings. Thus they were able to investigate the effect of time, con- 
centration of rennet, concentration of acid, and other factors, on the 
curd produced. It was found that the elasticit\" of the curd 
increased in direct proportion to (a) acidity of milk, (5) concentra- 
tion of the rennet, (<;) addition of soluble calcium salts, (r/) rise in 
temperature. No apparent maximum of elasticity was ascertained 
with ascending temj)eratares, though the time required for coagula- 
tion^ reached a maximum at iV C. Agitation during curdling 
inhibits the velocity about 8 per cent. With cold milk, a longer 
time was re(juired for curdling, and the resulting curd had a 
decreased elasticity. 

The whole question of the structure of cheese still remains open 
for research, as also do(‘S the question as to the physical state of the 
fat globules i)resent.* Sre Stocking, ^Manual of MUk Products\ 
chap. 3 (1317). 
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Ice-Cream. 

Ice-cream manufacture provides an interesting case of the prac- 
tical value of the so-called ‘ protective action ’ of colloids. 

Alexander {J.S.C.L 28, 284 (1909)) writes : — ‘ It is a well-known 
fact to ])ractical ice-cream makers and amply proven by experience, 
that ice-cream made without eggs, gelatin, or souk* similar colloidal 
ingredient, is gritty, grainy, or sandy, or else soon becomes so on 
standing, whereas ice cream made with small quantities of colloids 
posses.ses that rich, mellow, velvety texture, so mucli in demand.’ 
(Cf. also Alexander Chem. Tnd. Ko/i.y Feb., 1909).) 

Now ice-cream contains casein, and the action of the added 
(liydroj)hile) colloid is to ‘protect’ it from coagulating, (relatiu 
IS especiall\ advantageous, and as little as ()•;*) jier cent, su dices to 
render the ice-cream smooth in texture. Incidentally, the <liges- 
tibility is increased too by addition of gelatin. (Of. discussion on 
the digestion of milk curd in the stomach.) Besides the pi’otetition 
of the cas(*in, it is most inti'resting to nott* that the small ice crystals 
are also ‘protected’ by the colloidal binders adiled. An ice-cream 
having been whipped during freezing, contains numerous small icc* 
crystals which on standing coalesce to form coarse grains. This 
coalescence is decidedly inhibited by gelatin, gum tragacantli, and 
starches, thus retaining the smooth texture so d(‘sirable in a first 
grade ]iroduci. (O.f. Stocking ‘‘Manaul of MU k. ProdorU' Chap. 14, 
(1917).) 

An interesting pajier on ‘The Effects of Binders upon the Melt- 
ing and Hardness of the Ice-Creaitj,’ was published by Iloldaway 
and Reynolds ( Virginia hh-pt. Stat. Bull. 211, .‘1 (191(1) ). It is here 
shown that as the per cent, of fat in plain ii'c-cream inc.reases, the 
cream becomes softer, and if too much fat is jiresent a soft flufly 
protluct results owing to ‘ whipping.’ Ice-cream made irom 8 per 
cent, cream was no harder than from 19 per cent, cream, while 
80 per cent, plain cream was much softer than either, ’i’lie fat, 
however, raises the melting point. 

Now if gelatin be added a harder ice-cream results, with a 
higher melting point. The hardest and most heat-resisting cream is 
given by a medium per cent, of fat and a large amount of gt'latin. 
(tuiii tragacanth (also a protective agent) may be used, in which case 
the ice-ci'eam jirodticed is harder tlian usual (plain) but softer than 
when gelatin is used. One would exjiect this result, since tie* 
protective jiowers of the two colloids are very «lilferent, as will be 
seen by a comparison of their gold-numbers, viz.: — 

Gelatin ... ... ... ... O'OO.’l lo 0 t)l. 

Gum tragacanth ... ... ... about 2'0. 

If too much gum tragacanth is used, a very slimy cream results ; in 
any case it is far inferior to gelatin ict'-oream of any composition. 

Some manufacturers use starch as the agent to ‘ smooth ’ their 
ice-cream, btit although a better product tlian normal (plain) cream 
results, the texture is much more grainy than the ic(vcreains contain- 
ing gelatin or gum. One expects this to be the case!, since starch is 
only a poor ])rotecting colloid, the gold valm* of wheat starch being 
about 5, and of ijotato starch about 25. 
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Eggs are, of course, good binders, since egg-albumen (with a gold 
value of 0’15 to 0'25) is a strongly-protecting colloid. 

In the literature concerning ice-cream one finds the term ‘filler’ 
applie<l to these added colloids, but the term ‘binder’ is probably 
to be preferred. 

This prol)lem once again opens up the question as to the ultimate 
action of a ])rotecting colloid ; the usuall3"-accepted idea is that the 
colloid forms a membrane around the particles of the siisi)ensioii 
material and so prevents the coalescence. T'his is Bech<»\d.’8 adsovY*- 
tion view. (Cf. ^cit. jihi/n. Cheiu. 48, ), 

[Tin* question of ‘protection’ is considered in detail in W. D. 
P.am-roft’s re|*ort upon Pepti/ation and Precipitation. Cf. ]>. '> 

W. C. M’(;.L.] 

COLLOID CHExMlSTRY IN PHYSIOLOGY. 
lU/ Professor W.- M. PayIjISS, F.R.S., UnirrfHiti/ CDlJpffo, Londim. 

Introductory. 

Since all ph vsiological processes occur in complex heterogeneous 
s.vstems, botli coarsel.v lieterogeneous and colloiclal, it is clear that a 
completi' discu.^sion of the. subject would include ])racticall.v the 
wltole of the science. Even in the functions of the central nervous 
sj'stein, which nnight seem mo.st dishint from colloidal chemistrAq Ave 
have to take account of the properties of the membranes wliieh inter- 
vene between tlie comj)oneut elements, an<l certain observations made 
on thes<! elements themselv'es Avill be referred to incidentallj’^ in the 
following pages. There are, howe\'er, some regions in which coL 
loidal })roperti(‘s pla.A’ a more obvious and better known part. These 
concern especially the nature and properties of protoplasm itself, 
including the membrane Avhich surrounds it, and the relationship 
of their constituents to electroljdes. Another problem that Avill 
ai>propj‘ial.el3' be considered is the nature and functions of enzymes, 
Avliich regulate the chemical reactions of the living organism. And 
finality, the remarkable properties of haemoglobin in relation to tlie 
trans]K)rt of gases require brief consideration. 

Bibi.iookaphy. 

Bayi.tss, \V. M. (1918). ‘Principles of General Physiology.’ Second Edition. 

t'hapters 1, III, IV, V and X. Ybonginans and Co.) 

Matukws, a. P. (191(1). ‘Physiological Chemistry ’—especially pp. 190 to ^C.A. 

(Bailliere and Co.) 

McOi.knuon, J. V. (1917), ‘Physical Chemistry of Vitjil Phenomena,’ pp. 210. 

(Princeton University Press.) 

/. Protoplasm ami Cell Oonlcftts. 

When a simple unicellular organism, such as amoeba, which 
consists of so-called “ naked ” protoplasm, is examined ui(der the 
microscope, it is seen to contain a variet)’ of granules and other 
inclusions of comparativelj’^ large size. These lie in a clear, appar- 
ently structureless, substiiiice which is in contact with the Avater in 
which the animal lives. For this latter reason, the protoplasm is 
said to be naked, in contradistinction to vegetable cells, such as 
algae, Avhich are clothed with a cellulose coat. 
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Since the anioeha and the watei' are two distinct phase's, which 
do not mix, there is a surface tension at the interface* of contact. 
Owing te> the curvature e)f the surface being concave towiireis the 
animal, this surface tension results in a pressure exerteel e)u tlie* con- 
tents. Now the tension can be lessened by the addition e)f \arious 
substances to the water and, when this takes place locally, a protru- 
sion is brought about by the internal pressure due to the higher 
tension of other parts of the surface. Under the ordinary microscope, 
these protuded portions, “pseudopodia,’’ appear to be clear and 
structureless like wpter. This fact can be seen in the drawings made 
by various observers. But when they are examined by the brilliant 
lateral illumination of ultra-microscopic methods, light is diffracted 
by minute particles which are present in great number. These 
become visible as bright shining dots against the dark background. 
The general effect, when the illumination is at its best, is that of a 
multitude of brilliant ]>oints in rapid, shimmering motion, occasion- 
ally more distinct^- vibratory. This is the phenomenon iirst seen by 
the botanist Robert Brown in 1828 and hence called “Brownian 
movement.” Its nature lias been cleared up by Perrin, in a masterly 
series of researches, now well known. It was shown to be ilue to 
irregular bombardment by molecules of the liquid in which the 
particles are immerse<l and only present when the mass of a jiai iicle 
is small enough to enable the difference between the resultants of 
the unequal liombardment on ojiposite sides to be great enough to 
move it. Th<* chief observations on Brownian movement in proto- 
plasm are due to Gaidukov (IlUO) an<l to Price (1014). 

The observation shows at once that protoplasm in its simjilest 
form is a liejuid, liecause otherwise jiarticles present in it would not 
be free to move. 1'he e.xistence of these jmrticles in the litpiid shows 
that we have a colloidal solution of the kind called by Graham a 
hydrosol, which consists of a suspension of minute particles of a 
solid in water, or of an immiscible li(|ui<l in water. In other words, 
protoplasm is a dispersion of a more solid phase in a more liquid or 
watery phase. 

It is necessary to emphasise this fact, because earlier observations, 
made on cells which had been coagulated by the aciion of heat or of 
])recipitating reagents, were believe<l to show the presence of a con- 
tinuous network. Although it is possible that a network might be 
produced under such conditions, it is to be renu'inbered that, owing 
to the similarity in refractive index and in colour of the t'wo phases, it 
is impossible to examine such ])reparations under conditions of illum- 
ination adequate to eliminate diffraction images, which readily take 
the form of networks when a regular series of dots is examineil. 
'I’he work of Hardy (18119) and of Alfred Fischer (1899) has shown, 
moreover, that a great variety of structures can be produced by the 
action of fixing reagents on cell protoplasm. It is impossible to say 
which of these corresponds to the living state. Most probably none 
do so, since we know that living protoplasm is a li(|uid. 

There is further evidence that this is the correct statement. 
When the cell of an alga is taken in as food, water is either taken 
with it or is excreted around it. Whatever may be the shape of the 
particle itself, the shax)e of the liquid drop in which it floats is 
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alwjt^K .s{)heri<Ml. In other words, it takes the J’orm conditioned by 
the free, play of its surface tension, 'J’liis would not l)o possible 
unless it were free from tlie constraint exerted by solid structures. 
A similar conclusion may be drawn from the shape assumed by a 
mass of })rotopla8m when stimulated in any way ; this is also siiherical. 
Arthur Lister (I.S8H), again, found that liadha/ttid, an organism 
which, at one stage of its existence, takes the form of masses of 
flowing protoplasm, filled with the brown spores of a fungus on 
which it feeds, can be filtered clear through wet cotton wool. It 
seems impossible that anything but a liquid could be separated up 
into the fine threads necessary to pass through the cotton wool and 
reunite again into its original form. Chambers (11)17) has introduced 
some beautiful methods of micro-dissection. He finds that the 
needle can be repeatedly drawn through protoplasm without injuring 
it in any way. Very little resistance due to viscosity is experienced, 
as shown by the fact that it is only the granules in immediate 
contact with the needle that are displaced. There is no trace left 
behind in the track of the needle. 

It i.s remarkable that the only constituent cells of the tissues of 
higher animal organisms that have been examined in tiie living state 
1)V ultj’a-microscopic metliods are those of the central ne.rvons avstenv. 
This has been done by Mi'tt (ll*! ’) and by Murinesco (l'.)12\ 
iinlependeiitly. 'i’hey agree in tin* statement that the protoplasm of 
tln’.M' cells Shows numerous jiartteles in brownian movement and Is 
therefore a liquid. There is no sign of the latLO* masses t'Xissl 
granules’) nor of the ‘ neuro-lihrils ’ seen in lix)‘d and liardcm*d pre- 
ptirations. According to Mott, the “ granules ” themselve.*' consist of a 
hydrosol, surroundi'd l)y an envelope which .stains deo{iily with 
met\\y\ei\e-\>lne. Mavineseo was al>U' lo st'e loeal revt-rsiitle chaxiges 
taking placi* sj)ontaueously. Areas of more brilliant, that is, larger, 
particles apjiean'd now at one part, now at another of tJie cell. 

While the state in wliich protoplasm usually is seen is that of a 
hydrosol, certain observations ma<le by Iviihne (l.Shd), hv (raidukov 
(11)10), and by I’rice (11)11) indicate that it may take on, temporarily, 
tlie state of a gel.. In this state the Brovvnian movements are 
arrested, because the particles become fixed in position. It is evi- 
dently related to functional activity. I have myself been able to 
produce it by weak electrical stimulation. What one sees is a 
sudden cessation of the shimmering movement, as if frozen solid. 
The condition is very transitory and requires c-areful adjustment of 
the illumination to show it. ivice flfll-l) describes the protoplasm 
of a resting spore as being in the gel state, changing to the hydrosol 
on germination. When a cell dies it passes to the hydrogel con- 
dition. It is of some interest to. note that the protruded pseudo- 
podium of an amoeba remains in the hydrosol stat-*, a fact which 
suggests that it is produced by external influence rather than by a 
“ vital” reaction on the part of the animal. 

What do WH know of the mechanism by which such changes 
might be produced 'i There are two researches in particular which 
throw light on the question — that of Hardy (JflUD) on gelatin and 
that of Clowes (ID 10) on emulsions of oil and water. Hardy ex- 
amined utider the microscope the phenomena which occur when a 
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warm gelatin sol sets to a gel on cooling ; the first sign of change is 
that the ultra-microscopic droplets of the dispersed phase unite to 
form larger drops. If the solutioai^is moderately concentrated, these 
drops unite together to fornra network, but the watery phase is still 
continuous. On the other hand, if we begin with a solution of high 
concentration, the drops which first separate can be seen by their 
refraction to consist of the watery phase, so that the phase relations 
ai’e reversed when compared with the former kind of gel. Thus the 
' network may consist either of the more solid or of the more liijuid 
phase. The properties vary accordingly. If the liquid phase is the 
continuous one, it can be pressed out In' squeezing. If the uiort' solitl 
constituent is the continuous phase, liquid (iannot be ]>reBsed out 
except by a pressure sufficient to filter it through the more solitl 
i>hase. 

The work of Clowes took its departure from an observation of 
Bancroft (I'.'l.'l) that a mixture of oil and water can be math* into a 
permanent emulsion in two ways. Om* of cliese consists of tlrojis of 
oil siispendtMl in a continuous watery phase, as in cream ; the other 
is of drops oj water suspended in a continmnis phase of oil, as in 
outter. The former system is productal when sodium soaps are used 
as eniulsifying aicetus ; the latter if calcium soaps are used. (Uowes 
(I'.tltl) slu) wed that an emulsion of the former kind ct)uld ])e con- 
verted into one of the latter by shaking with a solution < f calcium 
chloride, wliile the lait(*r could be changed into the'fortner l»y 
shaking with sodium hydroxide. The changes may perhaj)S be 
realised by the illustration -of ji set of islands joining iogetlu r so as 
to be tr•an^formed into a series of lakes surrounded by land. Clowes 
describes furtlier experiments which will be more ai»))ro)}riately 
discussed in tlie section dealing with the cell membrane. He shows 
how the nature of the system dejtends tm tlie rclativt* surface 
tension at the two sides of the soap film whitdi is formed bj' adsorp- 
tioti at the boundary surface betw'een the two jdiasos. ' ft wdll l)e 
obvious that the |)hysiological properties of the two kinds of system, 
the liquid and the gel, w'ith the jtossibilit}' of converting one into 
the other by phase reversal, must play an important part iii cell life. 

That there are possibilities of the formation of membranes, ' 
doubtless of a gel nature, within the protoplasm of a cell is shown by 
the fact t^at different reactions can take place at the same time iii 
diffei-ent parts of the cell, notwithstanding the general liquid 
nature of its contents. The view that the organization of th(' cell is 
of the nature of many minute factories, in which various opcirations 
are being carried on under the inttueuce of the structure of tho 
cell, is at tlie present time rapidly displacing that of “giant” mole- 
cules with “side-chains,” which were supposed to be continually 
Kj)lit olf and exchanged for other chemical groups. Tljo question is 
discussed in the British Association , address of Prof. Hopkins 
Put in another way, limitation of the point of view to 
that of pure structural organic chemistry is showing itself to be 
incapable of explaining physiological reactions. Protoplasm is an 
extraordinarily complex heterogeneous syslem of numerous phases 
and components, continually changing their relations under the 
influence of electrolytes and other agents. 
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Ic has frequently been felt to be a difficulty, from the standpoint 
of energetics, that cells use energy for purposes in which it is not 
easy to make out what has becomd of i^ Warburg (1914) suggests 
that it may be required for the keeping apart of substances which 
would mix by diffusion, for the preservation of semi-permeable 
membranes, the restriction of osmotic interchange and so on, all 
of these phenomena being manifested in microscopic or even ultra- 
raieroseoj)ic dimensions. A discussion of phase relations in proto- 
]>]asm in connection with equilibrium and enerj^y will be found in 
tlie essay J)y Zwaardemaker (1906). 

A })ro])erty of emulsoid colloids which lias its imjmrtance in the 
present connection is their capacity' of taking' up water by wJiat is 
ofwui called “imbibition.” The distribution .d' water between the 
two jihases can be* varied to a larj^e extent by the presence of 
electrolytes and other agents. Whether imbibition is mainly or 
entii’cly an athsorption of water at the sur/nfr of the constituent 
elemeids, as is indicated by the exjieriinents of J’osnyak (1912) and 
by some which 1 did myself on gelatin (“General Miysiohigy,” 
]). 101 ), it is clear that the concentration of solutes in the liquid 
])ha8e must be ntised thereby. Since the position of equilibrium in 
reversibli* liyilrolytic reactions, catalyzed by enzymes, depemls on 
the concentration of water present, we see how at <»ne time a 
synthetic jirodiict, such as glycogen, is hydrolyzed, and at another 
time glucose is synthesized to glycogen by the same enzyme. What 
is required is merely ti means of varying the free water, and the 
])Ossibility of this is provideil by’ the presence of highly disjiersed 
emulsoid colloids. 

In addition to the highly dispersed systems discussed above, 
protoplasm tisutilly contains various larger aggregates and Structures, 
('liambers (IDl?) calls the small particles visible under the ordinary 
mieroscope, “ microsomes,” and the larger ones, “ macrosomes.” He 
shows that the former are shible, the latter very’ sensitive to 
itijnry’. 'J'heri* are iilso certain granules, of various forms, calletl 
‘ niitocliondria.’ (^owdrv (1916) has devoted sjtecial attention 
to these and liiids that they are stained in tlie living state by dyes 
which contain a diethyl-safranin grou]>, such as .Janus-green H, and 
are aj>parently composed of albumin and lecithin, lb the living 
state they are eontinually' changing shajte, and especially in cells 
during acdivity*. 

In the present state of knowledge, it wouhl be unprofitable to 
speculate further on the functions of these dilTerent inclusions. 
The same may be said of the nucleus of the cell. That this is 
essential to continued life, growth, and subdivision is clear. Hfuch 
attention has been given to the series of changes which it under- 
goes in the last process, called “ mitosis,” or “ karyokinesis.” They 
iire obviously due to the ordered arrangement of certain vectorial 
forces, having a definite focus of origin, but we are still in the 
dark as to their meaning. Much importance has been attached to 
the number of tlistinct staining elements, “ chromosomes.” produced 
at a particular stage of the process. 

Unwarranted conclusions are sometimes drawn as to the chemical 
nature of substances found in cells from their behaviour to dy^es. 
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The theory of dj'eing has been described in an earlier report by 
King (1917) to which the reader may be referred. There are many 
factors which play a part in addition to chemical composition. 
Fischer (1899) has shown ’^hat the same substance stains dill’ereutly 
according to the size of the particles in which it is found. The sign 
of the electric charge is also of importance. The meaning of llie 
facts is siill obscure. Nervous substance lias a special ‘'aninity ” for 
methylene-blue and other thiazine dyes, hut also for sonu* safraiiin- 
azo dyes, which have no chemical relationship to the foriiM'r. 
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II. The Nalure <md Permeahility of the Cell Membrane. 

Although protoplasm is a hydrosol of low viscosity, it does not 
mix with water, remaining, while alive, as a separate phase. If 
“killed”, as by an electrical shock or the application of an ana3S- 
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thetic, it freely mixes with the siirroundinj? watery solution. In the 
normal state, it must be surrounded by a film or membrane of some 
kind, which prevents escape of the cell contents. We inay draw a 
similar conclvisioii from the fact tliat the products arising troin 
difrestion of the food }>articles in protozoa, although consisting of 
such lively diffusible substances as glucose and amino-acids, are not 
waslu'd out. Much discuBsiou has arisen as to tlic nature and oven 
the exiHteiic<‘ of Huch a metubralu^ In piv.sent Rt^port space will 
not ponnit of (liHcnssion of all the work which has been devoteci to 
the problem. Attention must he diivctt*(l to those aspects of it which 
appeal* to the writer to be of essential im])ortauce and to tlu‘ conclu- 
sions to l)e drawn therefrom. These conclusions will somidimes 
diller from those of the investigators themselves and tin', reader may 
not always be inclined to agree with the interpretations given in this 
plact*. 

Jt lias been pointed out (Bayliss, “General Physiology ” p. 128) 
that, according to thi‘ Princij>le of Willard Gibbs, \vhich is a con- 
seipience ot tln^ tend(‘ncy of free emu’gj’ to decrease, as stated by the 
8<H!ond law of eiu'rgetics, if ‘there are in the cell contents any 
substances wliich lower surface tension, these must be concentrated 
at the interface* b(‘tween the protoplasm and the surrounding liejuid. 
Moreover*, Kainsdcn (PJOl) has shown that, in many cases, as solutions 
of bile salts, quiniue or sajiGnin, this concimtration at tin* surface 
may be* so great as to exceed the solubility of the substance in 
(luestiein, whioli is then eleposited in a soliel feirm, ]>roducing a film 
of more* e)r less rigidity. In addition to this, Chambers (11)17) finds 
that the i‘Xfre*me* outer layer of tin* ]>rot<.i]>Iasm has tlie jiroperties of a 
ge*l. The change from se)l to gel has be*en discussed in the i)ree(‘eling 
se*ction. In the ]>res(U3t ease, it is eloubtless dm* to tlie molecular 
tonics at the surface. It shoubl he nott'd that this outer layer of tlie 
protoplasm is not identi(;al with the membrane to wJiicJi the cell 
owvA its siuni-p(‘rmeahle properties. When a dye is unable to enter 
a cell, it does not stain this “ hyaloiilasm stratum, so that the 
membrane which stops it has a mon* external siluation. Wo see that 
there is evei*y reason to expect the ])resence of a lilm on the surface 
of cells and that it would be reversible, existing only on the boundary 
surface and foriin‘d anew whenever any fn*sh surface is produced. 
These e<)nsi<lerations also give us a cine as to the chemical composition 
to bti looked frir. In atidition to the components of the hydrogel, 
wdiatever they may be, but almost certainly protein of some kind, we 
shall expect to find more especially those constituents of the cell 
which lower the surface tension of water to a- marked degree: in 
other words, all compounds of a fatty nature, and of these lecithin 
is known to be universally present. 

If we add certain dyes, such as aniline-blue or congo-red, to the 
water in C(»ntact with the protoplasm of a cell, we notice that it does 
not enter; tlie cell remains nnstaiiied. That this is not due to an 
obstruction anywhere but on the surface is shown by the fact 
observed by Kite (191.Ji) that, if introduced by a capillary tube into 
the interior of a cell, congo-red freely and rapidly diflases throughout 
the contents. Now it was observed by Nageli (1855), and confirmed 
by Pfeifer (1890) and others, that if a mass of protoplasm be broken 
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Up into several smaller pieces, these parts when free assume a spher- 
ical shape, and form at once on their surfaces a layer with the 
same properties as regards permeability as the original protoplasmic 
membrane had. 

If the cell substance is in contact with a liquid containing various 
substances in solution, as in the tissues of the higher plants and 
animals and in the case of the vacuoles in the interior of the cell, 
then the surface film will contain constituents of both phases and its 
properties will not be identical with those of a membrane formed in 
contact with water only. Evidence of this was found by Osterhout 
(IDL'i). 

It is ol)vious that the properties of the cell membrane as regards 
permeabilit}^ to solutes both in the external licpiid and in tlu' int(U’ior 
of the protoplasm must play an important part in the life of the cell. 

liile it is impossible to deny that a film of some sort iinist be foi’ined, 
it is held by some investigators that sullicient evidence does not t‘xist 
that it IS possessed of the property" of semi-piTinealiilily, at all events 
as roiirards crystalloids (see especially Moore and Koaf, L'.K)S). If this 
be so, it is char that the esca])e of such (*onstitueius from the etdl 
must be ])revented by their existence therein in fixtMl combination 
with solid parts. The evi<lence on this question must he examined. 

J here is no doubt that tlie sidts prc^seiit inside a cell may 
not only in concentration, but in their chemical natiu*e, from those in 
the external li(piid. IVrliaps the most striking case ivS that of the red 
hlood corpuscles of the rabbit. AbderhaUlen j). 100) found 

that the Idocxi serum contains 0*41 per cent, of sodium salts, while 
the corpuscles contain none at all ; wliereas the corpus(des contain 
twenty times as much potassium salts as the serom does. Similar 
facts have been descril)ed in the case of the muscle cadis. The 
behayioui towards acid and alkali is inttTesting. Neither hydro- 
chloric acitl nor sodium hydroxide is capable of entrance into the 
uninjured cell. If Jelly fish are allowed to swim in sea water to 
which muitral red has been added, they take up the dyt* into tlieir 
cells, where it has the orange-red colour of the neutral solution. 
I^ethe (lyi)',)) added hydrochloric acid until the colour of the dye in 
the water was changed to the cherry red of tlie acid solution. I Jut 
the conlents of the cells underwent no change in colour until enough 
a(*id bad h(‘en a<lde<l to stop th(‘ movements :ind kill the organisms. 
Warburg ( PJIO) showed that the colour of neutral rt^l insicle the eggs 
ol the sea urchin, which are acid, was unchanged by the addition of 
srxliuui hydroxide to tlie water, but immediately changed to yellow 
by a small quantity of ammonia. 

IJiit, it may be said, no evidence has been given that tlu^ ehKdro- 
lytes inside the cell are free to diffuse, veil if the inenjhrane allowed 
them to pass. The fact that the osmotic })ressure inside cells is too 
yu’eat to be a(;counted for except bylhe presimce of small molecules 
in the free state is indirect proof. Animal cells require, to i)revent 
their swelling and rupture by osmosis, an external solution equivalent 
to per cent, glucose or 0*9 per cent, sodium chloride; that is, a 
solution ot O'ii molar concentration. The osmotic pressure of this is 
()*7 atmospheres. If we take a colloid which has as great an osmotic 
pressure as hjemoglobin has, we hnd, on calculation, that a solution 
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of the necessary molar concentration would be solid. Even congo- 
red would require to be 21 per cent., a value far exceeding its 
solubility in water, 

Hober (1910-1912) has shown, moreover, that there are free 
electrolytes present in cells. He made use of two methods. The 
first was by determining the increase in capacity of a condenser 
when a conductor is place<l between its plates. Ked blood corpuscles 
showed a conductivity about equal to that of decl-uoTuvAl vovaahuuw 
chloride. The second method depends on the <Uvuipu\t; of v,he n\\«a- 
tion of a rapidly alternating current in a coil by tVve of. a 

cond.ictor in the alfcis of the coil. By this method the blood 
forpuHcJes Juid the conduefivily of a solution of potassiuiii clilorulH 
n i jitkI O'i prr cent., inuHcIe hetwe^^n (^1 and 0 jn*r 
Althou^^h th<‘ an* prohahly ii(i< Hulli tn 


exa(‘t iui*asun‘iiu'ntt^ of ihi* conetaitratioii, they show ch^arlv iliai fn‘t* 
eU*c*.tn)l\ U‘s art* actually \)rcscm, 

Aiiotlu^r t*xiKM‘\incntal result pointiuir to* the saiuf^ conciusiou umy 
l)u n*lVrnnl to. Wluui (‘(‘lls an* iminersiMl in dihiti^ copjier Kiil})liatts 
al(*<*hol, aocloiu* or aniliin*, there is a nuirkeil increase jn the 
comluclivity of tin* outer solution, as shown by Stiles and Jiir^ensen 
(Jinf) and liU7). Tlie additional ions must have come from the 
int(*ri()r of tlie (*ells. 

Livinjj; cells opposi* an enormous resistance to the passage of an 
(dectrical current and if it were possible lo examine them free from 
external electrolytes, it is probable that they would be fouml to be 
non-condu(*tors in respect of currents applied by electrodes external 
to them. r>ut, if they contain free electrolytes, it. seems to tlie 
writer that tin? only satisfactory explanation of inability lo conduct 
electrical currents is that the cell is surroundetl by a membrane 
impenm‘able to these electroljdes, so that there is no iiossibility of 
their conveying (diarges from one electrode to the otlier. This 
phenomenon is shown in an interesting way in the method used b}’ 
Morse (IHTI, p. 8d) to prejtare fiis copper ferrocyaiiiih* cells by 
electrolytic deposition. As the membrane becomes more perfect, the 
resistance goi‘S up steadily and may amount, after soaking in water, 
to a million olims. 

The cell membrane can be deprived of this pro])erty, of resistance 
lo the passage of currents, by the action of heat, of ana*stheti(!s and 
so on. After tl)is treatment the cells conduct currents readily. 


We may conclude that, when examined under normal conditions 
and at rest, living cells are surrounded by a membrane impermeable 
to most salts, to strong acids and bases, and also, as shown by osmotic 
i*xperinients, to glucose and to amino-acids. There are, however, 
certain crystalloids to which tlie cell appears to be permeable under 
all conditions. Tliese are urea, ammonium hydroxide and some 
other ammonium salts, certain dyes of low molecular weight, 
alcohols, etc. Hut in some of these cases, it is not clear that n j damage 
has been done to the membrane by the solution applied, a ditticulty 
not always taken into consideration. 


Ihit the physiologist will raise an objection. If the membrane is 
impermeable to glucose and sodium chloride how does the cell ever 
obtain these materials for its active processes ? The answer is to be 
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obtained from the mode of production; oE the membrane. If it is 
composed of materials contained in the protoplasm of the cell it wiU 
naturally vary its nature according to the state*'©! the cell, while, 
being a complex colloidal mixture, it will be easily accessible to the 
influence. of electrolytes. But what actual evidence have we that it 
may become permeable to electrolytes under any conditions ? 

Direct proof of such changes under natural conditions is clearly 
dififlcult, but Lillie (1913) noticed that the cells of the larva of 
Arenirola when in a state of contraction lost their normal pigment, 
which is usually in solution in the cell contents. Gartuus (1912) 
found that certain secreting cells became less permeable to dyes 
under the influence of atropine, more permeable nmh'r pilocarpine. 
The point of these observations is that pilocarpine excites glands to 
activity; atrojnne stops their activity. Indirect proofs are more in 
nunxber. The change of electrical conductivity already referred to is 
a convenient means of (hitecting changes of ]>ermeability. The egg 
cell on fertilization increases in conductivity (Mct’lendon, 1910, 
Gray, 191t>), as also does the muscle cell on contraction (McClendon, 
191 2). ‘The movements of the sensitive plant are usually ascribed to 
an increase of permeability of the cell nxembranes of the lower side 
of the “pulvinus.” In this way the cells, which are mirmally 
distende<I owing to the osmotic pressure of certain solutes in their 
interior, lose these solutes and thus the distension <lne to their 
osmotic pressure. Blackman and Baine (1 91. S), how<!ver, show that, 
although there is evidence of q very small escape of xdectrolytes, it is 
too small to account for the phenomenon, which can be repeated 
many times with the tissue immersed in warm water. They consider 
it more probable that the loss of turgor is due to a sudden decrease in 
concentration of osmotieally active substances in the cell. 

The effec.ts of certain agents on the cell, producing a temporary, 
reversible inci’ease in permeability of the membrane, show how the 
necessary changes inight be produced. The most insti-uctive are 
those i)i’ 0 (!uced by inorganic salts. Ringer {’l.S<S2) was the first to 
show that the frog’s heart is incapable of continuexl activity in a pure 
solution of sodium chloride, even of the correct osmotic concentration, 
w'nereas the addition of salts of calcium and of jjotassium in relatively 
small apiount enabled the beats to continue indefinitely. A largo 
number of experiments on such “balanced solutions” were made by 
l.ioeb (1901 and onwards) and brought into relation with changes 
in the permeability of the cell membrane. The experiments of 
Osterhout (1911) on the seaweed, Lfiminaria, showed that the tissue 
increased greatly in electrical conductivity when immersed in asolution 
equivalent to sea water, but containing sodium chloride only, returning 
to its normal state on the addition of a certain proportion of calcium 
chloride. No permanent damage was done to the cells (Osterhout, 
191,0) by repeating the experiment many times. The exjxlanation 
given by the investigator himself is not quite clear, but to the present 
writer it seems to be as follows : As we saw above, the cells in 
normal conditions are non-conductors because their surface mem- 
branes do not permit the passage of ions. Under the influence of 
sodium ions these membranes become permeable and allow free 
movement of iorffe carrying electric charges through them, Calcium 
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ions restore the normal state* of seini-permeability. In this connec- 
tion, the experiments of Qlowes'(1916), referred to in the preceding 
section, are significSant. We have seen that the constituents of the 
cell membrane are most probably fatty substances, since they lower 
surface tension, together with concentrated solutions of jemnlsoid 
colloids in water, perhaps in the gel state, but certainly forming a 
watery phase. In other words, we have a system similar to that of 
oil and water in the experiments of Clowes, but more complex. 
Under the influence of sodium salts, Clowes’ emulsion was one of oil 
drops in a continuous watery phase and therefore permeable to 
water and to solutes therein. On the other hand, under the inihience 
of calcium salts, a i)ha8e reversal occurred, so that there was then an 
emulsion of water drops in a continuous oil phase. Such a system 
would be impermeable to water, but permeable to substances soluble 
in oil. A change of this latter kind, if complete, would not give us 
the properties which the normal cell membrane possesses. It would 
be impermeable to water, as well as to solutes in water. These 
solutes wouhl not be able to manifest their osmotic ])re.ssure and the 
volume of the cell Avould not Jiave any relation to the osmotic 
jwessure of an external solution, as we find that it actually has. 
Incidentally, however, it appears from some experiments by Uillie 
(1917), on the changes ot })enneability in fevtili/a'd egg cells, that, 
under t'xceptioual conditions, the pro<luctiou of a “waterproof” 
membrane may be possible. But wliat we liave to ex])lain is the 
change from a membrane permeable to salts, sugar, Arc. to one im- 
permeable to them, while remaining permeable to water. It is clear 
that the “Clowes efTecr,” as we may call it, must be only partially 
effected. The way in which Bancroft explains the mode in which it 
takes ])hice is summarized by Clowes as follows: — “The soaps 
present in the system tend, as stated above, to conceittrate at the 
interface between water and oil and to form a coherent film. Soaps 
of monovalent cations, being readily dispersed in winter but not in 
oil, form a film or diaphragm which is wetted more rea<lily by water 
than by oil, consequently the surface tension is lower on the water 
than on the oil side. Since the area of the inside face of a lilui 
surrounding a sphere is obviously smaller than that of the outside 
face, the film tends to curve so that it encloses globules of oil in 
water, in this manner reducing the area of the sitle of higher surface 
tension to a minimum as compared with that of lower surface tension. 
On the other hand, a tilni composed of soaps of divalent or tri valent 
cjitions, being freely dispersed in oil but not in water, is wetted more 
readily by the oil tluin by the water, the surface tension is lower on 
the oil than on the water side, and the film tends to curve in such a 
manner as to enclose the globules of water in an outer or continuous 
oil phas(‘.” The process is dependent on the presence of a film of 
soap between the phases and it is interesting to note the powerful 
effect of sodium oleate in destroying the membrane of the red blood 
corpuscles, while pure olein has not this effect. 

During the process of phase reversal, as described above, there is 
a stage in which one of the two phases is di'awn out into elongated 
drops with nai’row ^ilms or channels of the other phase between 
them. This is shown in Figure 2 of the paper by Clowes. Now, if 
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these pores were small enough, we have the possibility of the pro- 
duction of a membrane with the structure that Traube held .that of 
the copper ferrocj anide membrane to be, namely, a sieve whose holes 
were of dimensions such that water molecules could pass through, 
while larger molecules, such as those of calcinin chloride or potas- 
"siuiu sulphate, could not. Here we meet with the disputed question 
of the nature of the senii-permeahle membrane in general. It seems 
to the \vriter that the qvidenco in favour of Traube’s original view 
is very sti-ong, altliough furthtT evidence on the point is much 
required. In the case of membranes such as those of parchment 
paiH*r or collodion, which are ))ermeable to water and th(‘ small 
molecttles of ci‘ysfalh»ids, impermeable to the large moh*cul<‘S or 
aggregates of colloids, the degree of permeability ai)))ea]‘S to be strictly 
in proportion to the dimensions of tln‘ particles of the solutes. In 
the case of the copptu* ferrocyanide membrane, some observers liold 
tliat the passage of water dt‘pends on the dilt’erent degrei'S of hydra- 
tion of thf' coHoi<l material of the membram* on its two faces. Kviui 
!^b>rse ( 11^14, p. 87) a}>pear8 to hold this view, but the tlegrec; of 
hydiMfioii of colloi<ls follows <|iiite a dilferent law from that of 
osmotic ])ressure. While the osmotic pressure of a solution is 
directly proportional to the molar concentration, not the chemical 
nature, of the solute, the hydration by salt solutions follows the 
series known as that of Ilofineister, Avhere sodium and lithium salts, 
for example, behave differently from one another. Some inves- 
tigators, moi*eover, state that non-electrolytes havi‘ no iutluence on 
the amount of water taken up by colloids, Ol)j(‘Ction also may be 
made to the theory of the production of osmosis by surface tension 
effects. Surface tension is not a function of molar concentration 
only, Avln*reas osmotic pressure is. But, howeve.r tliis may l)e. 
Tinker's (rjlt)) photographs show a definitely i)or()ns structun^ in 
the cop])ei* ferrocyanide membrane. The measuj'Hinejits given by 
him of the dimensions of the pores must be reiadved witli caution, 
since the published photographs show obvious diffraction. Indeed, 
the method of illumination used, a narrow cone of light, is m)t in 
agreement witli the recognised methods of critical ” illumination, 
with a wide angled cone, adopted by the microscopists. The con- 
clusious di*awiias to a<lsorption of water moleculcvS on the walls of the 
])ores are also o])en to ((uestion. Further discussion of the problem 
is beyond the soojie of this report, but we have seen liow a sieve-like 
membrane might be formed on the surface of protoplasm, whereas a 
membrane which oweil its semi- permeable cdiaracter to its beliaviour 
as a solvent for some solutes and not for others is much more difficult 
to imagine. 

At this i)lace a few words are desirable with respect to tJie Over- 
ton (ISlhl) tlieory of the membrane as composed of lipoid material. 
It is a striking fact that the cell membrane is always permeable to 
those substances which are soluble in fats, such as the alcohols are. 
J3ut, when wc extend this statement and make it to apply generallj', 
we meet with difficulties. For instance, certain dyes, such as 
inetliylcne bine, are found to iienetrate the cell membrane, while 
otln*rs, aniline blue, do not. Methylene blue is insoluble in chloro- 
form, but if a solution of kephalin (a lipoid allied to lecithin) in 
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chloroform be shaken with a solution of methylene blue in water, 
the chloroform phase is found to be coloured blue. In order to 
understand whafe- this really means, we must refer to the work of 
Loewe (1912). He shows that kephalin is not in true solution in 
chloroform, but in large colloidal aggregates, since no measurable 
change in the boiling point of chloroform is produced by dissolving 
kephalin in it. The second point brought out is that. When meth- 
lene blue is present in the two phases, water and lipoid-chloroforn^, 
in contact, if it were a case of true solution in the latter, there would 
be a definite “ partition-coelficient,” independent of the absolute . 
concentration. This is not the case. There is relatively Iphh in the 
latter i)hase as the concentration rises, and the law followed is 
the parabolic law of adsorption. The actual ratio is such as to 
involve a high polymerization of the dye in both solvents, 
whereas electrical conductivity measurements indicate normal mole- 
cular weights in water. Again, if the dye were dissolved in the 
lipoid, a notable proijortion of it would escape to water if placed 
in contact with it. Only a very minute amount leaves the lipoid. 
In fact, it behaves just like a negatively charged surface such as 
that of paper in water, to “ basic ” dyes, which are hydrolyzed in 
solution, and whose coloured base becomes a positivelj’ charged col- 
loidal particle. As Freundlich has pointed out, the adsorption in 
such cases is so great tliat equilibrium is only effected when a very 
small atnounf? of the dj’e is left in the water. Further confirmation 
of the view that we have to deal with a surface condensation only is 
that, if a mass of kephalin be placed in contact with a solution of 
methylene blue in water, the dye does not pass into the lipoid. 
Similar evidence was obtained in the cases of other “lipoid-soluble” 
substances, such as the alkaloids and certain narcotics. It is impos- 
sible to accept the view that the cell membrane is a lipoid film, and 
that the passage of substances into and out of the protoplasm depends 
on their solubility in lipoids. 

It is also easy to show that a membrane of pure protein, as held 
by some, has not the requisite properties. Nothing but a complex 
system of more than one phase will suffice to explain the changes 
in permeability which are shown by the surface membrane of the cell. 

We have already spoken of the effect of certain electrolytes on 
the membrane. Further discussion as to the meaning of “ balanced” 
action will be found in the following section of this report. A few 
more facts in connection with permeability may be given here. 
Newton Harvey (1911) was unable to find any geneial law as to the 
relation of cells to acids, except that if an acid is soluble in lipoids it 
penetrates freely ; if not, the cell surface must be changed before it 
can enter. Strong bases do not enter ; weak bases do. This fact 
suggests that the permeability is in respect of one ion only. Since 
weak bases enter. Oil' ions must do so. Therefore, when sodium 
hydroxide does not, it must be that the sodium ion is obstructed. 
This point was indicated by Ostwald (1890). It is sufficient for a 
membrane to be impermeable to one of the oppositely charged ions 
of an electrolytically dissociated solute in order that the solute may 
be completely kept out. The reason is because the two ions cannot 
be separated without the expenditure of a large amount of energy 
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on account of electrostatic forces. We shall see presently that this 
fact plays an important part in the electrical behaviour of living 
cells. * 

The action of ancesthetics is of interest. Osterhout (1936) has 
shown that there are two stages in tliis action, of opposite nature. 
The first one is a decrease in permeability, the second an increase. 
The former is n covered from on removal of the ana3Sthetic, while the 
latter is a toxic effect, irreversible and leading to death. Remember- 
ing that the characteristic action of anaesthetics is to make a cell 
unable to enter into a state of excitation, and tliat the state of ex- 
citation is associated with an increase of permeability, we see that 
the first stage is the real anaesthetic action. Whether the state of 
excitation is a consequence of the permeability change, or vice versa, 
is not certain, but it may well be that the i)reventicn of the per- 
meability change also removes the possibility of excitation. The 
pronounced “lipoid'Soliibilitj' ” of the volatile anajsthetics suggests 
that their action is on the lipoid constituents of the membrane, but 
magnesium salts have a similar action, so that it seems probable that 
the relationship to lipoids may be merely incidental. 

The interesting observations of Meigs (191.’)) on the permeability 
of membranes of colloidal calcium and magnesium phosphates show 
that such membranes may be impermeable to sugar, phosphate's, &c., 
but highly permeable to ethyj alcohol. Hence this latter property is 
not limited to “ lipoid ” membranes. 

As pointed out previously, calcium salts decrease, while sodium 
salts increase the jjermeabilit^' of the cell- membrane, so that the effects 
may be balanced. Ana'sthetics also decrease the permeability. 
Hence they should oppose the effect of sodium salts. This has been 
shown by Lillie (1914) to be the case. 

Since the membrane is a local concentration of components of 
the protoplasm of the cell, there must always be an equilibrium 
between the two. Hence a change in either involves a change in 
both. It is not a matter of sur})rise, therefore, to find that substtmees 
applied to the outside of a cell may effect marked changes in its 
chemical behaviour, even when they are unable to pass through the 
membrane. Thus, as mentioned above, sodium hydroxide does not 
enter the living cell, but it increases greatly the rate of its oxidation 
processes. Newtoii Harvey (1914, p. 142) finds that although weak 
alkalies (ammonia and amines) enter muscle cells almost instantly, 
as shown by the change in colour of neutral red within the cells, 
their contraction does not cease until some j.time later. Strong 
' alkalies (sodium hydroxidel abolish contractile power at once, but 
do not en^er the cell until long afterwards. The effect of electrolytes 
on the beat of the heart an<l on nruscular contraction in general is 
bn the cell membrane (see Straub, 3912, p. 14, and Overton, 1904, 
p. 202). A somewhat remarkable phenomenon occurs in the case 
of such drugs as muscarine and pilocarpine, which produce their 
effects while passing through the membrane in either direction, 
whether entering or leaving the cell. When in equal concentration 
on both sides their effect is nil (Straub, 1907, Neukirch, 1912). 

In order that the cells of the tissues of the higher animals shall 
maintain their normal w’ater content and volume, it is necessary that 
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they be surrounded by a solution of the same osmotic pressure as 
their own contents. The fact that whatever be the chemical nature 
of the solute, sd long as it does not injure the cell, its osmotic pres- 
sure must be of the same definite value, unless either swelling or 
contraction of the cell is to occur, is in itself proof of the semi- 
permeability of the cell membrane. The facts are so simply ex- 
plained on this view that it is somewhat puzzling to understand why 
elaborate theories should be invented to explain the phenomena 
otherwise. The question naturally arises, nevertheless, how do 
organisms like ammba, living in water, avoid swelling up and 
disintegration on account of the osmotic pressure of their contents ? 
We have no accurate knowledge of the value of this osmotic pressure, 
but we know that it must be higher than that of the extremely 
dilute solution in which they live. It is pointed out by Stempell 
(1914) that the well-known pulsating vacuole of protozoa is the 
means of removing excess of water taken in by osmosis. A minute 
drop of water makes its appearance at a particular place in the 
protoplasm, gradually increases in size until it touches the outer 
surface of the organism and bursts to the exterior. The process is 
continually repeated. 

The taking up of solid particles and small organisms, such as 
alga3 and bacteria, by living cells, as in the process of ‘ phagocytosis,’ 
seems at first sight to be difficult to understand. If molecules of 
sodium chloHde are unable to pass through, how do such large 
masses manage to do so ? The writer has suggested in another 
place (‘ General Physiology,’ p. 144) that the membrane is actually 
perforated in the latter process, as when a needle is dropped through 
a soap film, the film closing up again as the object passes through. 
As we have seen, the cell-membrane is not a fixed structure, and the 
difference between the impermeability to salts and the permeability 
to large particles is that in the former case the molecules would 
have to pass through pores which are too small for them ; in the 
latter case they break the film mechanically, but it is formed again 
behind them. 

It will bo of some interest, in conclusion, to refer briefly to some 
typical physiological phenomena in which membranes of variable 
permeability are believed to play an essential part. A limited 
selection is all that is possible, since, as pqinted out above, the 
properties intervene in nearly all vital processes. 

I. The Stimulation of Nerve. Nernst (1899) was the first to 
suggest that the electrical stimulation of nerves is conditioned by the 
concentration of ions of a certain sign of charge in the neighbourhood' 
.of a semi-permeable membrane. He made no statement as to the 
situation of such a membrane, nor did he claim that his theory wag 
more than an approximation. A more complete extension of this 
theory was made by A. V. Hill (1910) and found by Keith Lucas 
(1910) to satisfy experimental results. There is no evidence of the 
existence of membranes within the nerve fibre itself, the contents of 
which, so far as can be made out, are liquid. Hence the membrane 
in question must be that on the exterior of the central core, “that is, 
the cell-membrane. The relation o*f increased permeability to the 
condition of excitation has been emphasized by Lillie {1914) and the 
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manner in which it is possible to explain the conduction along a 
nerve fibre on the basis of the disappearance of the electrical charge 
described below is explained 

II. Electromotive Phenomena. If a membrane is permeable to 
ions of one sign only, a Helmholtz double layer is established, such 
that the opposite sides of the membrane obtain opposite chaiges, 
owing to the ions held there. In other words, the membrane is 
polarized. It has been known for many years that muscle and nerve 
fibres show, on testing, tbiit their outer surfaces have a imsitive 
charge. This can be most satisfactorily accounted for on the hypo- 
thesis that the cell-membrane is impermeable to certain anions, 
permeable to the corresponding cations. In the address to the 
Physiology Section of the British Association in 1 showed how 

this view explains the phenomena met with and may venture to 
repeat the paragraph here : — 

“ Suppose that we lead off, to some instrument capable of detecting 
differences of electrical potential, two places on the outer surface of 
a cell having the properties referred to. It will be clear that we shall 
obtain no indication of the presence of the electrical charge, because 
the two points are eqnipot^ntial and we cannot get at the interior of 
the cell without destroyi»'g its structure. But if excitation means in- 
creased permeability, the double layer will disappear at an excited spot, 
owing to indiscriminate mixing of both kinds of ions, and wo are then 
practically leading off from the interior of the cell, tlnit is, from the 
internal component of the double layer,while the unexcited spot is still 
led off from the outer component. The two contacts are no longer 
equipotential. Since we find experimentally that a point at rest is 
electrically positive to an excited one, the outer component must be 
positive, or the membrane is permeable to certain cations, impermeable 
to the corresponding anions. Any action on the cell such as wotild 
make tha membrane permeable-injury — certain chemical agents and 
so on — would have the same effect as the state of excitation.” The 
point of view taken here is practically identical with that of 
Bernstein (1913). Loeb (1915) has brought some objections to this 
view, based mainly on the fact that the application of salts to one of 
the places led off results in a change of the potential difference of 
siich magnitude as to follow the well-known Nernst formula for 
concentration cells. I may point out that I have been able to show, 
both experimentally and by calculation (1911 and ‘ General Ph5'^Bio- 
iogy,’ pp. that one can imitate the muscle cell by means of 

an osmometer, closed by a parchment i>aper membrane and filled with 
a solution of congo-red. This membrane is permeable to the sodium 
ions resulting from the electrolytic dissociation of the dye, but im- 
permeable to the anions. The only difference is in the sign of the 
charge on the inside and outside; the latter being negative in this 
ca^e. The potential difference between the two sides, which can be 
inodified or abolished by the addition to the outer liquid of a solute 
giving sodium or other cations, is found to be in accordance with the 
Nernst formula. In fact, a cell of the kind described is a model of 
the rationale of the electrode potential of the concentration battery. 
It seems that there is then no real opposition between the results 
obtained by Loeb and Bentner (1912) and the hypothesis advocated 
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here. The potential difference between two liquid phases, referred 
to by Loeb, has clearly the same origin as the membrane potential of 
the cell. The former has been investigated by Haber and Klemen- 
siewicz (1909) in a well-known paper. If the salt is hydrolytically, 
as well as electrolytically, dissociated, a more complex state of affairs 
exists, which has been investigated thermodynamically by Donnan 
(1911). If, for example, we are dealing with a sodium salt of a 
weak acid, there are no forces to restrain the free diffusion of sodium 
hydroxide through the membrane, so that the alkali would be 
detected on the outer side, while the colloidal acid inside might be 
precipitated. Moreover, when no hydrolysis is present, if an acid, 
even as weak as carbonic, is present outside, the sodium ions at the 
membrane are partially replaced by hydrogen ions, the sodium com- 
bines to form carbonate and, by renewal of the outer fluid, all of the 
sodium can in time be removed. 

III. Secretion. Although it is clear that complex changes of 
permeability occur in this process, too little definite knowledge is at 
hand to make detailed discussion of profit. The reader may be 
referred to my “ General Physiology,” pp. 163 and 331, for a brief 
statement. The point of immediate interest is that, suppose we have 
an inverted U-tube with a semi-permeable membrane at both ends 
and filled with a solution of cane sugar. If we immerse both ends 
in water in two separate vessels, a large osmotic pressure will develop 
inside the tubfe, but no liquid will escape^ provided that the mem- 
branes can withstand the pressure. Now imagine the semi-permeable 
membrane at one end to become permeable to the sugar. A current 
of water, carrying sugar in solution, will pass through the tube from 
one vessel to the other, as long as there is any sugar left in the tube. 

•This tube may be compared to the cells of a secreting gland, one end 
being in contact with lymph, filtered from the blood, the other end 
with the watery secretion in the duct. Water can be conveyed in 
the way described by a change in the permeability of the end 
bordering on the duct. Cases of this kind have been described by 
Lepeschkin (1906) in plant mechanisms. 

IV. The Blood Veseels. Scott (1916) showed that when liquid is 
absorbed into the blood from the tissue spaces, this liquid, while 
containing all the crystalloids, is free from the colloids. The walls 
of the blood vessels are therefore impermeable to colloids. If, then, 
these colloids are such as have an osmotic pressure, the conditions 
are such that it can be manifested and it will play an important part 
in the passage of water from the blood to the tissues, and vice versa. 

A few words are necessary therefore on the osmotic pressure of 
colloids. Starling (1896) showed that those present in the blood 
have an osmotic pressure of about 30 to 40 mm. of mercury at ^oom 
temperature. Later work by Moore and Roaf (1907), Donnan and, 
Harris (1911), Sbrensen (1918) and myself (1911) showed that there 
are many colloids whose active elements are sufficiently small to give 
a fairly high osmotic pressure. When the colloid is an ele ^trolytically 
dissociated salt of a diffusible ion with one to "which the membrane 
is impermeable, as in the case of congo-red with a parchment paper 
membrane, an interesting question arises, whether the diffusible ions, 
which are held only by electrostatic forces play their part in the 
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osmotic pressure. I showed (1911), by determinations of the osmotic 
pressure of congo-red solutions by a vapour pressure method, that 
the values were the same as those given by the parchment paper 
membrane. Therefore, all the elements present in the solution, 
including the sodium ions, gave their proper contribution to the 
osmotic pressure measured by the osmometer method ; otherwise, the 
vapour pressure measurements would have been much higher than 
those with the latter method. Theoretical considerations and cal- 
culations based on them (Bayliss, “General Physiology,” p. 649) 
confirm the fact. Owing to the osmotic activity of all the ions 
formed by an electrolytically dissociated colloid comparatively high 
osmotic pressures may be manifested. This is the cause of the 
lai^e rise in osmotic pressure produced by the addition of sodium 
hydroxide to a protein solution. 

In order that we may realize how the osmotic pressure of colloids 
is of importance in problems of the circulation of the blood it is 
necessary to remember that the pressure in the arteries is something 
over 100 mm. of mercury, falling regularly to about 8 mm. in the 
capillaries, and to zero in the small veins. Since the osmotic pressure 
of the colloids in the blood is only 40 mm. of mercury, and the walls 
of the blood vessels are freely permeable to water and crystalloids, it 
is clear that the osmotic pressure of the colloids, which tends to draw 
water in, is overpowered as far as the commencement of the 
capillaries. Thus a filtration outwards of blood, minus its colloids, 
takes place in that part of the vascular system in which the pressure 
exceeds 40 mm. The same process occurs in a part of the kidney, 
resulting in the production of what is a very dilate urine, being the 
first stage in the complete process. The blood then is continually 
losing liquid to the tissues up to a certain region in its course. But, 
as we follow the gradual fall in the bloo<i pressure along the 
capillaries, we come to a point where the osmotic pressure of the 
colloids, which has risen somewhat owing to the loss of water, is 
higher than the blood pressure. From this point onwards water is 
taken in again from the tissue spaces by osmosis. This latter process, 
however, does not usually sufiice to balance the loss completely, and 
the difference is carried away by the lymphatic channels, and finally 
returned to the blood by the thoracic duct. Consider next what 
will happen when a dilute salt solution is introduced into the veins 
in order to replace blood which has been lost by escape from injured 
blood vessels for example. It is clear that the concentration of 
colloids in the blood is lowered, and therefore their osmotic pressure. 
The result is that more rapid loss of liquid by filtration occurs, while 
the region travelled before the blood pressure falls sufficiently to 
permit osmotic inflow is lengthened, leaving a less distance in which 
reabsorption takes place. The net effect is that much mere liquid 
escapes to the tissues, while the blood quickly loses that which has 
been put in. In practice this is found to be the case. Simple saline 
solutions are useless. The present writer has shown (1916), however, 
that if a colloid, such as gelatin, or better, gum acacia, be added in 
such amount to the solution injected as to raise its colloidal osmotic 
pressure to that of the blood, then it remainS'in the blood vessels 
raising the blood pressure and forming an effective substitute for the 
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blood lost. Indoed, a gran solution of this kind was in extensive 
use during the war. 
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III. The Relation of Biochemical Colloids to Electrolytes. 

We have already met with several instances in which the inter- 
action between colloids and electrolytes plays an important part. In 
the present section, further analysis of such plienomena will be 
attempted. 

It is necessary to take account of the fact that the greater number 
of the colloids^ occurring in living organisms are proteins. These, 
being conjugated amino-acids, behave as amp loteric electrolytes, able 
to combine with strong acids by their groups and with strong 
bases by their carboxyl groups. Pllectrolytically dissociated salts are 
thus formed, the protein ion being the cation in (he formt'r case, the 
anion in the latter. Although there is no doubt of this fact, it is 
sometimes forgotten that the protein itself is present in solution in 
the form of an anhydride, the NII 2 and OoOH groups are not free to 
combine with ions until hydrolyzed by the action of strong acids or 
bases. Nevertheless, various statements have been made to the effect 
that not only are chemical compounds formed with weak acids, but 
even with neutral salts. That this is not so is shown clearly by the 
results of Bugarsky and Liebermann (1898), who found no change in 
the freezing point on adding egg albumin to sodium chloride, 
whereas there was a marked depression with hydrochloric acid or 
sodium hydroxide. The evidence brought by Pfeiffer and ModeLski 
(1912), to the effect that amino-aci<l8 form definite chemical com- 
pounds with calcium and lithium chlorides and other salts, is not 
convincing and the present writer was unable to confirm their 
statements. 

Hardy (1905-6) finds that globulins form non-ionized complexes 
with neutral salts. On the other hand, Loeb (1918) holds that 
neutral ‘salts with a univalent cation form highly ionizable salts 
with gelatin. The evidence is that powdered gelatin, after washing 
with m/8 or m/4 solution of sodium chloride, shows a further 
sv/elling when afterwards put in contact with a more dilute solution 
of a neutral salt with a univalent metal. There is a critical concen- 
tration above which this additional swelling is absent. And this 
concentration is half as great if the anion is bivalent, regardless of 
,the nature of the anion and cation. The evidence is somewhat 
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indirect, but it indicates an electrical effect independent^ of the 
chemical nature of the ion. Whether the conclusion is justified that 
it implies the production of a definite salt seems doubtful. The 
difference bet-ween the osmotic pressures of equimolar solutions of 
sodium salts with uni-and bivalent anions must not be forgotten. 
A further difficulty is ])resented by the fact that calcium salts were 
not found to form ionizable compounds, whereas in the experiments 
of Pfeiffer and Modelski (1912), the “ compounds ” of amino-acids 
with calcium chloride were some of the easiest to prepare. If the 
contrast is due to the colloidal nature of gelatin, it is an additional 
reason to doubt the adequacy of explanation on pure electro-chemical 
lines. Why does Loeb speak of proteins as “ so-called colloids ” ? 

If a salt of a protein with a strong base or strong acid is exposed 
to an electric field between electrodes, the colloidal ion is deposited 
at one pole or the other according to whether it is anion or cation 
and the protein is naturally said to have a charge of the sign opposite 
to that of the pole at which it is deposited. Hut the sign of the 
charge on such a surface as that of paper can be changed l)y electro- 
lytes, even by weak acids and by neutral salts. In such cases, it 
seems that something other than actual salt formation must be the 
cause. Whatever may be the way in which the electric charge on 
the surface of insoluble particles or colloids is })roduced, wlu'ther by 
electrolytic dissociation at the surface, one ion being insoluble and 
fixed (see Hardy, 1910), or by other causes more allied to the 
phenomena of static electricity (Lewis, 1909), as a})pears to be the 
case with drops of petroleum in water, it is clear that the surface 
energy due to this charge would be rcKluced if ions of the opposite 
sign were deposited on it. The second law of therm xlynamics 
would allow us to predict this fact, which has been called “electrical 
adsorption.” It is shown in a striking way by the opposite efl’ect of 
bivalent ions on the adsorption of colloidal dj'e ions by i)aper, when 
these have a different sign of charge. Some data on this point will 
be found in a paper by myself (1906). I was inclined to attribute the 
effect to a reversal in sign of the charge on the colloidal particles, but 
it is more satisfactorily explained as exerted on the paper. While, 
however, it is comparatively easy to see why the charge should 
be reduced to zero, it is not quite so easy to see w'hj’ it should be 
replaced by a charge of the opposite sign, as Herrin, (1901, 1905), 
Mines (1912) and others have shown to be the case. Freundlich 
(1909, p. 245) has suggested that certain ions may be adsorbed in the 
mechanical way to a much greater extent than certain others with an 
opposite charge. The result would be a dei)Osition on the surface in 
amount greater than merely necessary to neutralize the existing 
charge and sufficient to confer a charge of the opposite sign. (See 
especially the experiments of Freundlich and Schucht, 1913, and of 
Ishizaka, 1913.) 

We have, then, in addition to the chemical compounds of certain 
amphoteric electrolytes with strong acids and bases, as association of 
electrolytes with the surfaces of colloids in general, a relationship 
which appears to be of the naturejof adsorption. This is indicated by 
the law which expresses the proportion of electrolyte held by the 
oolloid to that -in the external phase. The law is expressed by the 
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equation to one of the higher orders of parabolas. This is the reason 
why it is so diificult to remove, by repeated changes of water or 
dialysis, the last traces of, electrolytes attached to colloids or coarsely 
heterogeneous systems. 

This difficulty of removing all electrolytes and other crystalloids 
from a colloidal solution has led some workers in the past to the 
belief that the osmotic pressure shown by some of these solutions 
was due to the electrolytes present. There are several reasons, theo- 
retical and experimental, that make this view inadmissible. In many 
cases, such as gelatin and congo-red, the more effectively these 
impurities are removed, the higher is the osmotic pressure. If the 
• crystalloid is in any form of combination with the colloidal particle, 
chemical or by adsorption, it forms one indivisible system with it, so 
that if a colloidal particle is too large to possess the kinetic energy 
requisite to give an osmotic pressure, it would be even less able to do 
so if attached to another molecule. In fact, the association of a 
colloidal particle with an electrolj’te would decrease the osmotic 
pressure given by it. If, on the other hand, the electrolytes are free, 
they must be removed by repeated dialysis. The osmotic pressure of 
haiinoglobin (Ilufner and Gansser, 1907) is that which it should have 
in accordance with its molecular weight as determined by chemical 
analysis. It is true that certain colloids, such as ferric hydroxide, 
become unstable if the last traces of ferric chloride are removed, but 
tlie particle oonsists of a comidex of a variable number of ferric 
hydroxide molecules in adsorption with one or more ferric chloride 
molecules. The latter are not free. 

The greater number of the colloids of biochemical interest belong 
to the class called emulsoids. Their characteristic is that the two 
phases are not solid and liquid, but both contain solvent in different 
amounts. The two phases in these biochemical colloids may be 
described as being, on the one hand, a solution of a small amount of 
the solvent in the solid, and, on the other hand, a dilute solution of 
the solid in the solvent. They may also be regarded as being both 
liquid, one of them possessed of a very high degree of viscosity. 
Such systems would not show a high surface tension at the interface, 
nor a high electrical charge. They are, accordingly, relatively to the 
suspensoid class, somewhat insensitive to the precipitating action of 
ions. At the same time, as Mines has shown (1912, p. 211), the 
difference is not a fundamental one and is merely one of degree. 
Egg white is at once thrown down by a simple trivalent ion, such as 
lanthanum, even in a concentration of only 0’0()16 molar. The 
complex trivalent ion of the luteo-cobalt salts (Mines, 1912) does not 
precipitate emulsoids, although it is nearly as effective on suspensoids 
as the simple lanthanum ion. The fact appears to be related to the 
low density of the charge on the large ion. 

On the other hand, these particular emulsoid colloids react in an 
important way to another property of salts, that property called by 
Freundlich (1909, pp. 54 and 412) lyotr<tpicy it is manifested by 
changes in the distribution of the solvent between the two phases, 
dependent on changes in the solvent itself. In the case of water, we 
speak of the hydration of the ions and changes in the equilibrium 
between the various states of water itself. These give I’ise vo altera- 
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tions in the internal pressure, compressibility, viscosity, solubility, 
<!fcc. The phenomena are not in relation to the valency of either ion, 
but follow a series known as that of Hofmeister (1888). The order 
of activity in anions is : — 

SON <I <0103 <N03 <01 <OH3000 <S04 <tart. <citrat. 

In cations . — 

NH4 <Li <0s <Na <Rb <K. 

But the difference between individual cations is less marked than 
that between anions. This series is met with in many phenomena 
in which einulsoid colloids play a part. The action appears to be 
preceded by adsorption. 

The effvct of acid and alkali in increasing the amount of water 
taken up in the swelling of ernulsoid colloids has been the subject of 
experiments by Martin Fischer and G. Moore (10(17), Ohiari (1911) 
and others. According to Pauli (1912), the swelling is due to the 
formation of electrolytically dissociated salts and the affinity of the 
protein or other colloidal ion for water. If this be the case, we see 
how little importance the process can have in the phenomena of 
oedema or of “ acidosis,” where the possible increase in hydrogen-ion 
concentration is far too small to result in any salt formation with 
proteins. The experimental results of ITischer and Moore show, 
moreover, that a fairly high degree of acidity is necep.sary to produce 
any signiticant effect, Pauli’s point of view is rendered doubtful 
also by the fact that the swelling occurs in solids, as well as dispersed 
molecules. It seems more likely that it is due to a change in the 
properties of water at the surfaces of the constituent elements of the 
colloidal masses, a change conditioned by the adsorption of inorganic 
ions at this situation. 

The opposite effects which sodium and calcium salts have in 
reversing the phases of oil and water systems and on the permeability 
of the cell membrane have been referred to in the preceding section, 
together with the necessity for the presence of both for maintenance 
of the normal cell processes. If we confine our attention only to the 
cation in its action on einulsoid systems, it is difficult to understand 
why there should be, not merely a quantitative difference between 
univalent and bivalent ions, but an opposite effect. Clowes (1918, 
p. 408) holds that the opposition is really one between anions and 
cations, a more intelligible view. In the case of calcium chloride, 
for example, the cation is more powerfully adsorbed and reactive 
than the anion ; in that of sodium chloride, the anion is adsorbed to 
a greater degree than the cation. Hence the possibility of obtaining 
a balance between the two effects and the reason why a small con- 
centration of calcium chloride balances a much larger one of sodium 
chloride. This view is confirmed by the fact that much less sodium 
citrate than of sodium chloride is required to counteract the effect 
of calcium chloride, because the citric anion is more powerfully 
adsorbed than the chlorine ion. But the possibility of the production 
of complex ions, containing calcium and the citric ion, must not be 
overlooked. 

A ceitain difficulty arises with regard to potassium. It is found 
that to maintain normal cell processes and to permit growth the 
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presence of a small concentration of potassium salt is necessary in 
addition to that of sodium and calcium. We niay perhaps be satisfied 
with the statement that potassium is required on account of particular 
chemical properties. This appears to be the view taken by Loeb and 
Cattell (iyi5), but, as we have no idea as to what these properties 
are, very little is gained. Some recent worl 5 ,by Zwaardemaker (1918) 
is of importance with respect to the elucidation of the problem. 
This observer noticed that the elements which llinger found to be 
able to replace potassium, namely, rubidium and caesium, are, like 
potassium, weakly radio-active and he proceeded to test other sub- 
stances more powerfully radio active, such as radium itself, emanation, 
uranium, and thorium. It was found that equally radio-active con- 
centrations of all the elements named were equal in their capacity of 
replacing potassium in a solution adequate to maintain normal cell 
life. 

Sodium salts are chosen to make up the correct osmotic pressure 
of these fluids because they are the least toxic salts. But Clark (1918, 
p. 77) found that a better solution was obtained if a part of the 
sodium chloride was replaced by its osmotic equivalent in cane-sugar. 

Some very interesting conclusions have been drawn by Macallum 
(1904) fi‘om the fact that the salts present in sea water form an appro- 
priately balanced mixture for the cells of the higher vertebrates, 
when the sea water is diluted to the correct osmotic concentration. 
It seems evident that the electrolyte composition of the blood of the 
present land vertebrate is that of the ocean at the close of the 
Cambrian period, when their ancestors left the water and took to the 
land. The Cambrian period was an extremely long one and the 
colloidal systems of the cell were developed in adjustment to this 
balanced mixture of salts. But at the same time, it is a remarkable 
fact that the particular mixture arising from the dissolving of con- 
stituents of the earth’s surface shouhl be that of a “ balanced ” 
solution, not only for protoplasm, but also for emulsions of oil and 
water. 

There is another interesting way in which the relationship of 
colloids to electrolytes meets us in phj’siological plnmomena, namely, 
the meelianism of musctilar contraction. Blix (1891) and A. V. Hill 
(1918) have shown conclusively that the tension developed is pro- 
portional to the area of certain surfaces arranged longitudinally in 
the muscle and is not a volume effect. Fitzgerald (18/8) and Bern- 
stein (1901) had already suggested surface tension at the contact 
between the tibrillae and sarcoplasm as the mode of production of the 
muscular force, and there are other facts which confirm the view, 
that surface phenomena form a component part of the complex of 
events. Surface tension has the peculiarity of possessing a negative 
temperature coefficient, doubtless connected with the absence of any 
boundary surface* at the critical temperature. The contractile stress 
produced by muscle has a negative temperature coefficient (Bernstein, 
1908), as also has the heat produced in the initial stage. Lactic acid 
is one of the chemical products of the muscular process, and Haber 
and Klemensiewicz (1909) put forward the hypothesis that the acid 
alters the electrical forces at the boundary between the tibrillae and 
the sarcoplasmic liquid. This again involves a change of surface 
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tension, which brings about the mechanical shortening of the fitoes. 
The negative temperature coeflicient excludes swelling of colloidal 
fibrils under the influence of acid as accounting for the muscle 
process as suggested by some. The imbibition of water has a positive 
coefficient. 
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IV. Enzymes. 

In the present report, that aspect only of the action of enzymes 
which is related to their colloidal nature will be discussed. 

The fact that enzymes are present in their solutions in the colloidal 
state is shown by their non-dilf usibility through jsarchment paper, 
and is now generally recognized. Talcing this fact into consideration, 
together with the form o.f the relation between the concentration of 
the substrate and enzyme and the velocity of the reaction, the present 
writer (190l>) put forward the hypothesis that the chemical decom- 
position of the substrate is preceded and controlled in rate by 
adsorption. Not only, however, are enzymes in the colloidal state, 
but they are able to act in a medium in which they are insoluble and 
present as coarse particles which can be filtered off, leaving the 
filtrate inactive. This has been shown in the case of lipase by 
Dietz (1907.), in that of emulsin by Bourqiielot et Bridel (1913), by 
myself (1915) for lactase, papain, peroxi^lase, catalase, urease, and 
invertase, with great probability for trypsin and pepsin. Armstrong, 
Benjamin and Ilorton (1913) came to the conclusion that urease acts 
by its surface. A similar concliwion maj' be drawn from the fact 
that invertase ma)' be adsorbed by charcoal and nevertheless remain 
active (Nelson and (iriflin, 1916). We may conclude, then, that 
enzymes belong to the class of catalysts present as a separate phase 
and acting in a heterogeneous system. 

The next question that arises concerns the mechanism of their 
action. 

There are two theories of catalysis in heterogeneous systems : 
one of these assumes the formation of an intermediate unstable 
chemical compound between the cataly st and substrate, the reaction 
following the ordinary laws of mass action ; the other regards the 
chemical change as being brought about, or rather greatly accelerated 
by close approximation of the reacting substances bj*^ condensation on 
the surface of the catal3’st by adsorption. An intermediate position 
is taken by those who regard the rate of the reaction as conditioned 
by the amount of reagents present on the surface at any given time, 
but hold that the actual chemical change is due to formation of a 
chemical compound with the substance of the catalyst itself, occurring 
as a second stage of the complete process. This process may be ex- 
pressed as made up, in order, of adsorption, combination with 
enzyme, decomposition of intermediate compound, with enzyme left 
finally as at first. 

Asa typical instance of the first view, we may take Van Slyke and 
Cullen’s (1914) account of the kinetics of urease. These observers 
state that the action consists of two consecutive reactions : (1) com- 
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bination of enzyme with urea, and (2) breaking np of the oomponnd, 
the urea being freed in the form of ammonia and carbon dioxide. 
They formulate an expression of two factors, each with an empirical 
constant, which, by proper choice of tl»e two constants, satisBes the 
experimental data. This fact, however, does not prove that the first 
stage is a chemical combination. In<leed, it is stated that the first 
stage, combination between enzyme and urea, is so rapid that no 
appreciable time is lost. If this be so, it is difficult to see why it 
appears in the ecpiation at all. Tlie authors seem to hold that 
physical phenomena, such as adsorption, diffusion and so on, follow 
indefinite laws only, in contradistinction to those of chemical com- 
bination. Further remarks with reference to formulae based on mass 
action alone, will be found below. Although the work in question is 
the most clearly expressed statement of the particular point of view, 
the theory itself is proliably the most widely aocej)ted one as applying 
to enzyme.s. Incidontiilly, wc may remark that the fact that a "par- 
ticular reaction appears to follow the ordinary unimolecul.ir la\v of 
velocity, deduced {voui mass action, is no gvude to tiie nature of t\\e 
process as a whole. Ihotham’s (lyiO) la'action, in which a sheet of 
platinum is the catalyst, follows this law. 

For the first statement of the other view% we must go back to 
Faraday (LSiU). 'Phe experiments and conclusions to be found in 
his paper, ‘ On the Power- of Metals and other Solids to Induce the 
Coml)ination of (iaseous Podies,’ are apt to he forgotb^n, so that I 
make no excuse for referring to them in some detail. The ])heuomena 
in question are the combination of oxygen (and nitrons oxide) with 
hydrogen, induced by the surface of metallic platinum and other 
solMs. In paragraph 619, Faraday states ‘ All the plienomena con- 
nected with this subject press upon my iniml the conviction that 
they are dependent upon the nahivnl conditionn of gaseous elasticity, 
combined with the exertion of that attractive force possessed by 
many bodies, especially those which are solid, in an eminent degree, 
and probably belonging to all ; by which they are drawn into asso- 
ciation more or less close, without at the same time undergoing 
chemical combination, though often assuming the condition of 
adhesion ; and which occasionally leads, under very favourable 
circumstances, as in the present instance, to the combination of 
bodies simultaneously subjected to this attraction.’ That the phe- 
nomena are regarded as a condensation on the surface, not a solution 
in the substance of the solid, is clear from the reference to hygro- 
metric bodies which ‘ condense water vapour around or upon their 
surface,’ and are said to be instances of the same power (par. 621). 
The absence of chemical combination with the surface is stated 
clearly in par. 681, ‘ The platina is not considered as causing the 
combination of any panicles with itself, but only associating them 
closely around it ; and the compressed particles are as free to move 
from the platina, being replaced by other particles, as a portion of 
dense air upon the surface of the globe, or at the bottom of a deep 
mine, is free to move, by the slightest impulse into the upper and 
rarer parts of the atmosphere.’ Par. 682 calls attention to a fact 
which is common to adsorption phenomena in general, and is of 
importance in certain effects of retarding agents on enzymes, as we 
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shall see presently, ‘ It can hardly be necessary to give any reasons 
why platinar does not show this effect under ordinary circumstances. 
It is then not suflBciently clean ((517), and the gases are prevented 
from touching it, and suffering that degree of effect which is needful 
to commence their combination at common temperatures, and which 
they can only experience at its surface. In fact, the very power 
which causes the combination of oxygen and hydrogen is competent, 
under the usual casual exposure of platina, to condense extraneous 
matters upon its surface, which, soiling it, take away for the time 
its power of combining oxygen and hydrogen, by preventing their 
contact with it’ (51)8). Numerous facts are described which show 
that the only condition necessary is a perfectly clean surface, however 
produced. One way of doing this is of theoretical importance as 
showing that the action is not due to chemical combination of either 
oxygen or hydrogen with platinum. Platinum can be made active 
by making it either anode or cathode of an electroljdac cell (1>17). 
Chemical action is also excluded by the fact that nitrous oxide and 
hydrogen can be made to combine (r)72X and also by the fact that 
the ‘effect is produced by most, if not all, solid bodies’ in varying 
degree (blS). It may be said that gas reactions only are contemplated 
in this tlieory, but statements in pars. t)2;5, (525, and (557 indicate 
that Faraday had in mind the possibility of similar reactions in 
liijuids. Indee<l, tlu^ following statement is rem}irka()ly like an 
anticipation , of Van Hoff’s theory of solutions, ‘An analogy in 
condition exists between the parts of a body in solution and those of 
a body in the vaporous or gaseous state.’ 

Denham (IDIO) brings powerful evidence in support of this 
theot’y of catalysis in inorganic heterogeneous systems as being 
due to the higli surface concentration caused by molecular forces 
at the surface, and the high velocity of reaction as being due to 
the increased mass action thus brought into play. Bancroft (1918) 
gives a valuable discussion of contact catalysis. 

Denhain, liowever, although In^ is of the opinion tliat some 
enzyme efl('cts may be accnmited for in a similar way, hesitates tc 
thooiw to all enzymes. We may, therefore, proceed to 
examine the ev^idence bearing on the question. Hut before doiiis; 
this, we should remember that it is jiossible, as Hardy points out 
(see paper by Drury, 1914), that there maj' be, in addition to the 
simple mass effect, an increased chemical iiotential of the reacting 
molecules brought about by the actual process of con<lensation 
itself and the stresses which it involves. 

That the rate of reaction is controlled by adsorption is evident 
from various facts. The law expressing the way in which the 
concentration of enzyme and of substrate is related to the rate 
of change is not one that could be deduced from mass action. Up 
to a particular concentration of substrate, wliicli varies with different 
enzymes, the law followed is that of a parabolic curve, similar to 
that of adsorption, although this, of course, does not in itself prove 
that we have to do with adsorption. Beyond this 'particular con- 
centration, the rate is either constant, whatever the concentration 
of the substrate, or, owing to some secondary effects of the enzyme, 
is actually diminished. This fact is easily accounted for by the 
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familiar fact that a surface may become saturated ; so that, aboire 
a certain concentration of the substrate, no more can ‘be adsorbed 
at a given moment of time. On other hypoth(‘ses explanation is 
very difiBcult. Data showing the fact in the case of enayrnes are 
numerous ; those of Frankland Armstrong (1904) with lactase may 
be particularly mentioned. 

When attempts are made to express in mathematical formulae 
the velocity of reaction with enzymes, starting with the usual expres- 
sions based on mass action, it is found that numerous empirical factors 
have to be introduced in order to oi)tain adequate expressions. Since 
we do not know the meaning of these factors, it seems to tiie writer 
that very little is gained by such procedures. The dilliculty is to 
know exactly what is the active mass at any moment. It is clearly 
some function of the conctmtralicm of tin; substrate, because this 
determines the amount adsorbed, but it is also related to the 
adsorbing capacity of the enzyme surfaot*, which is itself affected 
by numerous intluences, prol)ably changing ilnring the progress 
of the reaction itself. 

According to the theory' of Nt'rnsl concerning reactions in 
heterogeneous s5’stems, there are three stages — diffusion of the 
reagents to the surface, adsor])tion on tliis surface, and finally 
chemical reaction with each other or with the constituents of the 
surface itself. The stage of adsorption is verj' rapid when the 
reagents have reached the surface ; so that, since the rate of the 
reaction as a whole is that of its slowest com))onent, the process 
of adsorption itself does not control it. When one of the phases is 
a large mass, the time taken for the reagents to diffuse to it is an 
important component and usually longer than the actual chemical 
reaction itself. In such cases, the temi)erature coefficient of the 
reaction as a whole is that of diffusion, anti is a low one. In the 
case of a colloidal dispersion, such as an enzyme in solution, the 
solid phase is evenly distributetl throughout the system, so that the 
paths travelled by the substrate to reach the surfaces of the enzyme 
particles are very short, and tin; rate of the reaction is that of the 
chemical component, with "the temperature coefficient of a chemical 
reaction. It seems likely that the coarsely heterogeneous systems 
of urease or emulsin in alcohol would be found to have the tem- 
perature coefficient of diffusion, but they have not been investigated 
from this point of view. The failure to realize these various facts 
has led to confusion of statements regarding the impossibility of an 
adsorption process having the high temperature coefficient of a 
chemical reaction. The temperature coefficient of an enzyme 
reaction is naturally that of whatever chemical change occurs, and it 
gives us no information as to the other components of the total 
process. 

We know from numerous investigations that when a substance is 
strongly adsorbed it is capable of displacing another substance to a 
greater or less degree from its position on the surface. Many of the 
substances found to retard the rate of enzyme action are of this kind. 
The alcohols, urethane, saponin and so on lower surface energy 
markedly. It was natui-al, therefore, that Meyerhof (1914) should 
suggest this as an explanation of their action, which was found in a 
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series of related compounds to follow their capacities of lowering 
surface tension. It is complicated, however, by some other properties 
of these agents to be referred to below. As was pointed out in the 
preceding report in connection with muscular contraction, surface 
energy is peculiar in having a negative temperature coefficient.. If 
the inhibiting effect produced by saponin, etc., has the cause 
suggested it should bo found to be greater at a low temperature, just 
as the degree of adsorption in general is well known to be greater at 
a low temperature. The present writer (1918j in experiments with 
saponin and with amyl alcohol showed that this actually was the case. 

A practical point of interest is the effect of alcohol on digestion. 
As far as the* rate of action of the digestive enzymes on food is 
concerned all experimental evidence shows it to be a retarding one, 
and the reason is doubtless thai. given above. 

Remembering tluit the action of enzymes is a surface one it is 
ch'ar that any agents affecting the state of dispersion must affect the 
intensity of action. Any agent which increases the degree of 
dispersion increases the total surface and hence the activity of the 
enzyme. This factor couk's in to complicate the case discussed above, 
since agents lowering surface tension tend to increase dispersion and 
thus to counteract the inhibiting effect. A particularlj* marked case 
is the accelerating effect of bile salts on the action of lipase. It was 
thought to be due to belter emulsilication of the oil used as substrate 
until it was t'o«nd to be present also when soluble esters, such as 
ethyl acetate, were used. It seems, therefore, that it must be due in 
part to greater dispersion of the enzyme itself. 

The possibilities of complexit.v of action are obviously greater in 
the action «/ e/sc/ /Wi/tcs, because we have m addition the intervention 
of electrical forces and the effects of electrical adsorption. Some of 
these may decrease, others im-rease, the state of dispersion, according 
to the sign of charge on the enzyme particles. In the investigation 
of the effects of substances added to solutions of enzymes we have 
then a multiplicity of factors to take into account, so that analysis of 
the phenomena is very ditlieult and much further woi-k is required. 
The experiments of Onodera (191;')) aro ofdnterest in this connection. 

We may z’egard it as established that adsorption of substrate by 
enzyme particles is the controlling factor in the velocity of the 
chemical reaction that follows. But is this adsorption followed by 
chemical combination with the enzyme, forming an intermediate 
compound of an unstable nature which then breaks up into products 
different from those substances from which it was formed ? In tlie 
majority of cases, the chemical change involved is one by which the 
elements of water are either added or removed, but this is not always 
the case. There is every reason to regard the effect of an enzyme as 
an acceleration of the rate at which a given system attains its equili- 
brium position, the final products being the same as those which 
would have been formed, very slowly, in the absence of the enzyme. 
There is no inherent difficulty in the view that the concentration on 
the surface results in the rapid attainment of equilibrium by increased 
muss action, in the ^ame way as Faraday explained the platinum 
effect and as Denham regards the inorganic heterogeneous catalysts in 
general to produce their results. This last observer points out that 
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there is only one case in which evidence of a kind of interniQdiate 
compound of a chemical nature has been brought forward. So far as 
I am aware, no compound between enzyme and substrate has been 
shown to exist. Adsorption compounds or colloidal complexes have 
been obtained when the substrate is in the colloidal state, as between 
starch and amylase, and between tr 3 ’psin and casein. But such com- 
pounds are formed whether the substrate is one capable of attack hy 
the enzj'me or not. Thus, amylase forms a similar compound with 
casein and with starch, and it appears to be a mere physical juxta- 
position of the colloidal particles, held together bj" mechanical or 
electrical forces. 

A certain amount of evidence that adsorption alone can increase 
the rate of change is afforded bj' some experiments which the present 
writer matle with powdered charcoal and urea solution. Urea in 
solution, as Walker and Hamblv" (181(5) showed, is slowlj’ changed 
into ammonium c\anate, up to a certain equilibrium position. This 
is followed by a further change into ammonium carbonate. Tlie 
rate of this change is accelerated to a marked degree bj' the presence 
of powdered charcoal. 

The absence of an intermediate compound is more deflnitely in- 
dicated in the investigation of Horace Brown (11(14) on some Cape 
wines, w’here an oxidation proceeds umler the influence of a catalyst 
consisting of iron in the ferrous state associated with tannin and 
protein. This acts as a ‘ carrier of ox^'gen,’ as in Fenton’s reaction. 
The observations of Moore and Webster (IIJIH) on the photosynthesis 
of formaldehyde in presence of inorganic colloids are also to the 
point. Thej' show that the effects are not due to changes of the 
catalyst from a higher to a lower oxide, but to a surface condensation 
of carbon dioxide on the particles. The effect is given indeed by 
silicic acid, in aildition to ferric and uranic h^'droxides and beryllium 
chloride, also, to a less extent, by copper, nickel, palladium, man- 
ganese anti erbium salts. The bearing of this fact on the problem of 
chloroi)hj ll assimilation in plants is obvious. It suggests that the 
function of the pigment in the chloroplasts is to absorb light energy 
which is then utilized by the aid of an iron catalyst to reduce 
carbonic acid to formaldehyde. 

It has been pointed out to me by Prof. Hopkins that if the pro- 
cess is ,to be regarded as the rapid attainment of the natural equilibrium 
in consequence of condensation on the surface of the enzyme, it 
follows that all the constituents of the system must be adsorbed in 
the same relative proportion as in the body of the liquid, otherwise 
there must be a change in the equilibrium position. I have made 
some experiments to tost this deduction, but the dilficulties.are great 
and the work is for the present interrupted. 1 found, however, that 
a mixture of ethyl alcohol, acetic acid, ethyl acetate and water, after 
equilibrium had taken place, was . unaltered by the addition of 
powdered charcoal, although charcoal is known to adsorb some of 
the constituents, ^t all events. The result indicates that the various 
constituents must have been adsorbed in the same proportion as that 
in which they were jjresent in the mixture. . But further experi- 
ments are desirable and it does not follow that enzymes behave like 
charcoal. Curiously enough, it appears to be well established that. 
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in the case of esters at least, the equilibrium position is not the same 
with acid as catalyst as with lipase (Dietz, 1907). In the former 
case, the equilibrium is with 85’5 per cent, ester (amyl butyrate) ; in 
the latter, with 75 per cent, ester. The equilibrium is a genuine one 
in both cases, since it can be reached from either direction. If water 
were more highly adsorbed from this mixture than the other con- 
stituents, the result, which shows more hydrolysis than in the case of 
acid, might be explained. The fact has given rise to many conjee- ♦ 
tures, on account of the fact that it seems to give an opportunity to 
evade the second law of thermodynamics. The considerations given 
above add yet another, namely, that the fact may be due to unequal 
adsorption. Whether the ecpiiiibrium on the surface of enzymes is 
of necessity the same as that in the body of the solution is not yet 
quite clear and this point requires investigation. At any rate, there 
seem to be no inherent dilficulties in the hypothesis suggested. The 
relative degree of adsorption of the various constituents of a mixture 
has received some attention, especially by Arrhenius and others 
working witli him (see Williams, 1913). It is clear that all are 
adsorbed, including the solvent itself. 

Some interesting possibilities are pointed out by Bancroft (1918). 

If different products can be obtained from a particular substance, it 
may happen that one catalyst adsorbs certain of them more power- 
fully than another one does, so that the resulting equilibrium may 
not be the ■same in the two cases. Similarly, different catalysts, such 
as platinum, charcoal, clay, etc,, may cause different forms of com- 
bination in a mixture of gases, according to their relative adsorp- 
tion. if one of the products of a reaction is very strongly adsorbed, 
it may possess the surface to such an extent as to stop further action 
and produce a false appearance of equilibrium, the position of which 
will depend on the concenti'ation of the catalyst, contrary to the true 
equilibrium. 

The question of synthesis by enzymes does not properly belong 
to the scope of this report, but it is clear that, since the characteristic 
of catalysis is the rapid attainment of q natural equilibrium, depend- 
ing on the relative concentration of the components of the system, 
the same enzyme will exhibit either hydrolytic or synthetic activity 
according to the composition of the mixture. Synthetic action 
requires a low concentration of water (see especially Armstrong and 
Gosney, 1914), so that, as pointed out 2 >reviously, a method is wanted 
by which the cell can vary the etfective concentration of water. No 
special synthesizing enzymes are called for. The evidence that has 
been brought for the existence of such agents is not convincing (see’ 
Bayliss, 1913). 

The chief difficulty in regarding the mode of action of enzymes 
as consisting merely in a surface condensation of the constituents 
of the reacting system is the apparently specific nature of these 
catalysts, although the degree of specificity is probably exaggerated. 
We must remember that the hature of the surface determines 
adsorption, since all the physical properties of a substance depend 
on its chemical nature. The possibilities of different adsorption 
properties are enormous and the study of the subject is yet in its 
infancy. One of the most interesting eases of this specific action is 
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that of those enzymes which act on optically active compounds and 
the synthesis of such compounds by optically active catalysts 
Bredig and Fajans, 1898, and Bredig and Fiske, 1912). 
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V. The Transport of Gases in Animals. 

Oxygen is continually being used up and carbon dioxide produced 
by the oxidation of food materials in the tissues of animals. When 
the current of . blood- flowing in a giveu time is compared with the 
consumption of oxygen and the carbon dioxide produced in the same 
time it is clear that, in neither case, is the amount that could be 
carried in solution in the liquid of the blood nearly sufficient to- 
account for that actually transported. 

Both these gases, therefore, must be carried in some kind of 
combination with substances present in the blood. It will clear the 
way if we exclude certain possibilities at once. Cxj-gen is taken up 
by the blood in the air sacs of the lungs, where its partial pressure is 
about 100 mm. of mercurj'. The venous blood has an oxygen tension 
of about 37 mm. of mercury. Accordingly, the substance serving 
for the transport of oxygen must be one which takes up oxygen 
when exposed to a tension of this gas of 100 mm. and gives it off 
again, mors or lea.s completely, at .37 mm. or thereabouts. The 
tension of carbon dioxide in the lungs is 40 mm. of mercury ; in the 
bloo<l arriving from the tissues about 61 mm. or thereabouts. The 
substance transporting this gas must be one that, takes up carbon 
dioxide at 61 mm. and gives it off at 40 mm. There is only one 
substance present in the blood that has the requisite properties as 
regards ox*j’gen, that is the red colouring matter of the red blood 
corpuscles, haunoglobin. 3’his has been known for a long time. But 
some confusion has arisen with regard to carbon dioxide, because 
so liutn bicarbonate is prescmt in the blood plasma, and it was natural 
to look upon this as the carrier. Bohr (1S91), however, had already 
shown that sodium bicarbonate gives otf no carbon dioxide to the 
gas at a pressure of 10 mm. of mercury, and Buckmaster (1917) has 
confirineil this statement. 'Phe latter observer has also shown that 
tliere is no substance present in the blood acting as an acid to drive 
off’ the carbon dioxide. There seems to be no possibility of a dis- 
sociable compound of carbon dioxide witli the proteins of the blood 
plasma. We have seen that proteins do not combine with weak acids, 
although a process akin to adsorption may occur, although it is not 
definitely shown to be present. The part played by the proteins is 
as yet somewhat uncertain, but the work of Buckmaster has proved 
that by far the greater part of the carbon dio.xide, if not all, is carried 
by the ha-moglobin in a manner similar to that in which it carries 
oxygen. 

The function of the sodium bicarbonate, as Lawrence Henderson 
(1908) has so well shown, is to preserve the hydrogen-ion concen- 
tration of the blood within narrow limits. 

The work of Barcroft and his coadjutors has brought out in 
detail the relations between oxygen and hiemoglobin, under various 
conditions, and shown how the facts can be expressed in a mathe- 
matical form. A complete account will be found in Barcroft’s book 
(1914). The object of the present report is to point out the difficulties 
met with when an attempt is made to reconcile the interpretation 
sometimes given to these expressions with the fact that htemoglobin 
exists in the blood as a heterogeneous phase. In the corpuscles the 
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concentration of haemoglobin is about 30 per cent. No solution of 
baemoglobin of this strength can be made. Even in 5 per c»^nt. it 
fori]^ a colloidal suspension, and it does not diffuse through parchment 
paper, however dilute the solution may be. 

Barcroft explains the phenomena on the basis of chemical com- 
bination between oxygen and hiemoglobin, a series of compounds, 
HbOo, 116304, HbsOu, &c., being formed in different relative pro- 
portions according to the electrolytes present in the solution. These 
electrol;9tes are regarded as causing aggregation of hiemoglobin 
molecules ; the aggregate Hbj, when it combines with two molecules 
of oxygen, leads, by mass action, to a different order of equation 
from that of Hb and O^, which is unimolecular. But it is not yet 
certain that we are justified in appl3'ing the law of mass action in a 
simple form to heterogeneous sy.stenis and, if we apply the phase 
rule, we are at once met with difficulties, :is will be seen below. On 
the other han<l, it is not univers.ilh’ accepted that the })hase rule 
can be applied to colloidal solutions, although the hamioglobiu in 
the corpuscles maj’ reasonably be regarded as a more definitelj’ 
distinct phase. 

Barcroft’s experimental re.snlts are of so much value that it seeips 
to the writer that there is some risk of the problem being prematnrelj' 
considered to be solved and the ver3' remarkable character of the 
phenomena being overlooked. 

Assuming that the phase rule applies, what does it fell us? If 
Hb02 is a chemical compound, there are three phases present in a 
solution of it when in contact with an oxygen atmosphere, Hb, HbOg 
and oxygen. There are two components ; l)ecause lib and HbOj vary 
inversels' ; the ox3'gen is present in unlimited amount. There is 
therefore only one degree of freedom : 

F = C-h 2 -P = 2 + 2 -:} = J. 

In other words, at a given temperature, sa3’' that of the blood, the 
whole of the liHemoglobin is either reduced or oxi<]ized, accoi<ling to 
the tension of the ox3’gen. But this is not the case. It is well 
known that hsemoglobiu varies in its content in ox3’gtm, at the same 
temperature, according to the tension of ox3'g<in. It is free from 
oxygen at zero tension and saturated at about 100 mm. of mercury at 
the temperature of C., while it follows a particular law, expressed 
by the dissociation curve, between these values. 

Apart from this deduction from the phase rule, there are certain 
chemical s>'8tems that liave been hastil3’ assumed to be similar to that 
of oxygen and haemoglobin. We shall see that they are different and 
reall3' obey the phase rule. 

B3’ a misunderstanding of I^e Chatelier’s data ( 1883 ), the calcium 
oxide and carbon dioxide system has been supposed to throw light 
on the hiemoglobin question. But, at a given temperature^ the 
calcium is present either entirely' in the form of calcium oxide or 
calcium carbonate, according to the tension of carbon dioxide. At 
tensions below a certain value, different for each temperature, we 
have complete decomposition ; at all tensions above this value, the 
whole exists as calcium carbonate, and there are no intermediate 
stages. At first sight, again, a solution of sodium bicarbonate in 
water seems more like the one we seek. At tensions of carbon 
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dioxide between 0 and about 3 min. of mercury, there is a series of 
intermediate stages in which there are progressively increasing 
concentrations of the bicarbonate and decreasing concentrations of 
carbonate. But the explanation of this fact lies in the electrolytic 
decomposition of the salt. The presence of more HCO 3 ions results 
in a rounding off of the corner of the curve owing to reduced 
ionization of the salt. Again, there are some dyes which may exist 
in a reduced form, capable of taking np oxygen when exposed to the 
air. Experiments made by W. A. Osborne (not yet published) were 
unable to discover any one of these which was not either completely 
reduced or completely oxidized, as the phase rule would predict. All 
search has hitherto failed to find any chemical system similar to that 
of oxygen and luemoglobin. 

It will prt)bably occur to the reader that the adsorption of gases 
by indilfei'ent solids, such as charcoal, is, at a given temperature, in 
proportion to the tension of the gas. In fact, it was suggested by 
Wolfgang Ostwald (1908) that tlie taking up of gases by haemoglobin 
is a case of adsorption. Hut we are met by nearly as many diHiculties 
in this view as in that of chemical combination. The taking up of 
gases bj' charcoal follows the usual parabolic law, whereas that of 
oxygen by hasmoglobin in solution in distilled water follows the 
rectangular hyperbola of a unimolecular reaction. On the other hand, 
the curve g;i veil by the latter system in the presence of electrolytes, 
acids or salts, reejuires a value greater than unit}' to be given to the 
exponent of (he equation for the reaction velocity, in some cases above 
3, an exceptional value for the order of an eipiation for velocity of 
reaction. The curve approximates more to that for adsorption. 

The fact that there is a saturation point, beyond which increase 
of oxygen tension gives no measurable increase in the amount taken 
up by hasmoglobin, is not in itself, of course, inconsistent with 
adsorption. But, again, it is a remarkable fact that the accurate 
determinations of lAders (1912) have shown that the amount of 
oxygen tiikeii up in saturation is e.xactly that required to combine 
with the iron in the luemoglobin molecule to form FeO^, ; in other 
words, one molecule of hiemoglobin combines with one molecule of 
oxygen. It is natural to associate the iron with the taking up of 
oxj’gen, but there is no other compound of iron having the pro’per- 
ties of hiemoglobin. Even the hannatin, which is combined with 
a protein to form hannoglobin, behaves in a way similar to the 
dyes mentioned above. A further difficulty is the fact that hauno- 
globin takes up carbon dioxide, carbon monoxide and nitric oxide 
in a similar dissociable way to that in which oxygen is taken up, 
although in different amounts. Just as in adsorption, one of these 
gases drives out more or less completely another one. The absorption 
spectra of the CO and NO compounds is very like that of oxy- 
hiemoglobin, although there is a difference between all of them and 
reduced hiemoglobin. In any case it must be a remarkable chemical 
substance to combine with such dissimilar substances. According to 
Buckmascer and Gardner (191l)-ll)ll ), chloroform is also taken up 
by luemoglobin, driving off part of the oxygen. 

In this connection, the relative adsorbing capacity of charcoal for 
various gases and vapours, the displacement of a weakly adsorbed 
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gas by a more strongly adsorbed one and the “ spoiling ” of the 
surface by adsorbed impurities are problems of much interest and 
importance, not only in relation to the hsemoglobin question, but 
especially in relation to the properties of the material used for tlie 
box respirator for protection against poison gases. It will be 
remembered that Faraday showed how readily the activity of platinum 
was • stopped by the deposition of impurities from the air of the 
laboratory and that they could be driven off by heat. Investigations 
on these lines, from certain aspects, have been carried out by the 
Anti'gas Department, but are not yet made public. Bancroft (1918) 
states that carbon monoxide decreases the action of platinum in 
causing combination between oxygen and hydrogen gases and that it 
is tenaciously retained by the surface. 

When hiemoglobin “combines” with oxygen, heat is evolved, 
but the results obtained by different investigators vary so much that 
it is scarcely worth while (juoting them. It is well known that 
adsorption of gases by charcoal is attended by evolution of heat, so 
that the fact Joes not exclude the hypothesis of adsorption by 
haemoglobin. The condensation of a gas on the surface is e<iui valent 
to a reduction of volume by compression. * 

The behaviour of the oxy-luernoglobin system to a rise of temper- 
ature is similar to that of an adsorption process. That is, the rate at 
which oxygen is taken up is increased, but the amount held in 
equilibrium is less than at a lower temijerature. 

There are thus difficulties involved in both view.s, that of chemical 
combination and that of adsorption. It may be that the explanation 
may be found in a double process, such that the amount of oxygen 
taken up at a given tension is determined by the amount ads.u’bed, 
and that the adsi>rption is followed by chemical combination. But it is 
by no means easy to understand the mechanism of such a ))roce8s. 
At any rate, it is obvious that haunoglobin is a very extraordinary 
chemical compound and that its relation to gases is far from being 
explained up to the present. 
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THK ADMINISTRATION OF COLLOIDS IN DISEASE. 

By Alfred B. Searlb, Consulting Chemist, Sheffield. 

The general trend of pathological research has shown that the 
human body possesses in a varying degree the power of protecting 
itself against diseases of a parasitic nature, and that the protective 
medium is chiefly found in the blood. 

Parasites such as bacteria do not usually kill by their mere presence 
in the body, but because they produce poisons. The body in normal 
health reacts to these poisons producing an anti-toxin which either 
neutralises the poison or kills the parasites producing it. If, however, 
the body is unable to produce such anti-toxins in sufficient quantities 
it is necessary to supply them artificially. 

Some diseases appear to be due to an alteration of the blood 
owing to the presence in it of an excess of some substance such as 
uric acid or to a deficiency of certain inorganic elements which 
appear to bo necessary to efl’ect complete metabolism. 

• Modern methods of treatment therefore tend to follow four lines 
of development: 

(а) The use of purer forms of well-known remedies, such 
as quinine hydrobromide instead of a decoction of cinchona 
bark, or morphia instead of tincture of opium. 

(б) The administration of the elements or salts which are 
temporarily deficient. 

(c) The use of substances having a selective action on the 
parasites which have invaded the bo(iy (see later). 

(d) The increased production in the serum of the patient 
of the protective or curative substances which would be pro- 
duced in insufficient quantities by the body under normal 
conditions. For instance, a healthy nurse will not usually be 
attacked by the disease from which the patient suffers, as the 
body will produce sufficient protective substances. In a less 
healthy person insufficient protective material is produced 
unless the corresponding stimulus is given to ensure its 
formation. 

, The medicines in the first group are improved by investigating 
their chemical composition, isolating the pure alkaloid or other 
essential ingredient from the mixture ordinarily used or by prepar- 
ing the drug synthetically. There are obvious limitations to this 
procedure, and there are strong reasons for supposing that only 
a portion of even the purest drugs are required by the organism. In 
other words, the first group tends increasingly to be absorbed by one 
of the others. 

Remedies of the (&) group are relatively simple when once the 
most suitable form of administration has been learned. The chief 
difficulty of the investigator is to obtain them in a form in which 
they will react in the desired manner so as to form the correct 
chemical compound required by the tissues. E. Dubard, for instance, 
has obtained evidence that a deficiency of magnesia in the system 
facilitates the development of cancer, but he has been unable to 
retain the magnesia in the system unless it is administered in such 
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large doses (12 grammes daily) that the excess of it produces on« 
desirable effects. Such a difficulty clearly shows that the medicine 
' has been administered in an unsuitable form. 

The chief advances in chemistry during the past thirty years have 
been due to the development of the theory that chemical reactions 
occur between the ions or ultimate portions into which compounds 
are decomposable. Hence, an element in which the body is deficient 
must eventually be reduced either to its ionic state or to a form 
of combination which is equivalent to it. 

In many cases, substances in a colloidal state react with an 
activity which is otherwise unobtainable. This may, in part, be due 
to the fact that when complete dissociation into ions is required the 
solutions must usually be exceedingly dilute, whereas colloidal solu- 
tions may be much stronger. Hence, the use of colloids has proved 
invaluable as a means of making good the deficiency in certain 
elements from whi(;h some tissues mifl’er. 

Diseases which require selective remedies (group c) are chietly 
those due to parasites, including the bacilli, micrococci, and other 
“germs” which produce certain poisons or toxins. 

A substance which exerts either a toxic or a healing action on the 
body usually shows a greater affinity for one set of tissues than for 
others. Some substances have a greater action on bact !ria and other 
parasites than on the host, and vice versa. In oth<‘r words, their 
action is selective, and an ideal medicine would be one wdiich is so 
powerfully selective as to be absolutely fatal to the parasites it is 
desired to destroy and j'et wholly harmless to the patient. 

Ehrlich showed that a toxin is capable of producing disease only 
in those persons whose body-cells contain substances capable of 
entering into chemical combination with the particular toxin. 

The anti-toxins and bacteriolysins appear to equally definite in 
composition. Ehrlich found that an aniline dye, to which he gave 
the name of trypan red, is highly toxic with respect to trypanosomic 
parasites in blood but relatively harmless to the host. 

According to Metchnikoff’s popular theory of phagocytosis, the 
wandering corpuscles or leucocytes in the blood attack the 
bacteria or other parasites, but this theory has receded in conse- 
quence of the discovery by G. F. Nuttall, who, when working in 
Fliigge’s laboratory in 188G, found that anthrax and other bacteria 
died rapidly in fresh blood serum without the interposition of the 
leucocytes, thus showing that the serum itself contained the 
(chemical) substances which brought about their destruction. This 
is to some extent incompatible with Erlich’s endeavours to seek a 
substance which is parasito-tropic without being organo-t'opic, 
because a drug injected into the blood stream — either directly or 
intramuscularly — does not usually exhibit any action until it has 
been taken up by the serum. Hence the organo-tropic (as distinct 
from the organo-toxic) properties of a drug are of great importance. 
So far, no substances have been foun(^ which are highly parasito- 
tropic and wholly devoid of organo-tropic properties, i hough many 
colloidal sole are so feebly organo-tropic as to be devoid of danger in 
any ordinary doses. In the case of elementary colloids such as 
mercury or iodine, any toxic symptoms and"' ill effects may be re- 
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moved by the administration of a colloid of the opposite elec<^rical 
charge (a metal to relieve an excess of non-metal and vit-e versa). 
Whilst, as a rule, no coagnlation occurs when colloidal, solutions of 
the same electric sign are mixed, if a solution of the opposite sign 
is added coagulation occurs unless one of the colloids is in very 
large excess. Before the science of chemotherapy had advanced to 
its present stage, and even now as regards certain diseases, successful 
remedies were found by what is known as the serum treatment in 
which the requisite anti-toxins are prepared by cultivating suitable 
bacteria, etc., and using the products which they have formed. 
Investigations have also been made with a view to synthesising the 
anti-toxins (or those portions of them which are required for the 
purpose) in order to eliminate certain objectionable feitures of the 
serum treatment. Endeavours have also been made to simplify the 
materials used, bj' supplying the body with just those elements or 
groups from which it could most rapidly prepare the material which 
would stop the progress of the disease and facilitate a cure. 

Still further investigations have shown that all the normal fluids 
and secretions of the organism are essentially colloi<lal in character, 
the toxins or bacterial poisons appear also to be in the colloidal state 
ami to a large extent tin* reactions which create immunity to 
certain diseases are typical of those met with in ordinary chemical 
absorptions and precipitations. This at once suggests the importance 
of colloidal tfubstances, both in the maintenance of health and in the 
cure of disease. 

Graham,’ to whom we owe the conception of the colloidal state, 
clearlj' saw the importance of colloids for living matter, when he 
wrote, “The colloidal is, in fact, the dynamic state of matter; 
crjstalloidal being tl'.e static condition. The colloid possesses 
eneruia. It may be looked upon as the probable ])rimHry source 
of the force appearing in the phenomena of vitalitj'. To the 
gradual manner in which colloidal changes take place may the 
characteristic protraction of chemical organic changes bo referred.” 
These words are proplietic of what is now recognised with regard to 
the relation of colloidal ami living matter, whether healthy or 
diseased, and, so far as is known at ])re8ent, the physico-chemical 
conditions necessary for life can bo accurately summarised in the 
statement that all life-jn'ocesses take place in a colloid only 

those structures being considered as living which are at all times in 
a colloidal state. 

According to J. Beatty,'^ all enzyme action, whether of hydrolysis, 
synthesis, oxidation, or reduction, can ultimately be traced to the 
addition or I’enioval of hydrogen or liydroxyl radicles in hydrolysis 
or synthesis, and to the rejdacement of H by OH or OH by H in 
oxidation and reduction respectively. In the presence of a catalyst 
the speed of reaction may bo increased, or its sphere of action 
limited, the latter being controlled by the colloidal nature of 
enzymes, whereby reactions, are brought about as the result of 
surface adsorption. 

Thil. Trans. 1861, 161, 184. 

* Wolfj^ang Ostwald. ‘‘ Colloid Chemistry,” New York, 1917, 

* “ Tbo Method of Enzyme Action,” London, 1917, 
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Many animal organs beliavo exactly like gels wh«*n immersed in 
water and swell enormously. 'Phis s\v«'lli>ig is atleeted !>y the 
presence of small pro[)ortions ol acitls, alkalies or salts in the water. 
Thus, in the case of gelatin, tihrin and egg-albumiji, acitl solutions of 
moderate concentration greatly incrt*ase the amount of swelling and 
the amount of water absorbed by the orgjinic substance. This is duo 
to the presence of free hydrogen ions. On the other hand, the 
addition of a suitable alkali or salt will reduce the swelling and 
restore the substance to its previous condition, by neutralising the 
excess of free hydrogen ions. If an excess of hydroxl ions be 
added in the attempt to reduce the swelling, the gel may be peptised 
and “ dispersed.” A typical glaucomatous state may be induced in 
sheep’s eyes in vitro by immersing them iii very' dilute hydrochloric 
acid. The normal condition may bo restored by the addition of 
ferric chloride or other appropriate salts. Precisely the same 
phenomena are observable w'ith living tissues, both in health and 
disease, and any desired colloidal condition may lie obtained in the 
latter by appropriate colloidal treatinent. Thus, the administration 
of salt has been successfully employed in the treatment of nephritis 
and oedema.^ The extensive ust? of salines solutions in various 
stages of collapse has long been practised in all civilised countries, 
and its success is due to the action of these substances on the 
colloidal serum. Such salts prevent the swelling and coagulating 
effects of the acids formed in the diseased tissues, ^ust as they 
decrease the effect of other acids, or effect the ju’ecipitation of 
certain colloids in vitro. 

Inflammation is also a colloidal I'henomenon, and is brought 
about by precisely similar conditions in the living subject, and in 
artificially prepared plates of non-living materials."’ It is easy, for 
example, to produce “ artificial flea bites ” by pricking a piece of 
gelatin with a needle dipped in formic aciil and then placing the 
gelatin in water.*' The remedy — injecting into the swollen ])ortioii 
sufficient alkali to neutralise the acid — is as efficient as when this 
method is applied to a real bite. The complete comparison of these 
“ bites ” with the phenomena observed when a flea bites the human 
subject, is, however, a very difficult matter. 

The unknown substance which produces goitre^ is most probably 
colloidal in nature. Hence, from one point of view, therapeutics is 
largely concerned with a study of the formation of colloids which 
are abnormal in the sense that they do not occur in the natural 
processes of a healthy body, but which — when regarded as colloids — 
are no more unusual than the coagulation of a highly dispersed sol 
or the peptization of a coarser gel. The chief difficulty in the way 
of experiment or treatment is that in, one case conditions arc severely 
restricted owing to the fact that the colloids form part of a living 
organism. 

* M. H. Fischer, (Edema and Nephritis^ New York, 1916. 

^ K, OwwbXA, Zeitech.f. exp. Pathol, u. Therapie, Q, 226, 1910; Xoll. Zelt, Q, 261 
(1911). 

* M. H. Fischer, (Edema ami Nephriti*, Now .York, 1916, pp. 199, 602. 

^E. Bircher, Enjehmsee tier (Jhirurge u. Orthoptedie, 0, 133 ; Zeite. /. exp., Pathol, 

9. etc. 
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Many of ihe rocognised methods of treating disease are efforts 
made with a view to altering llie colloidal state of sorn'^ I)Ortion of 
the patient’s l)od.\, such as the reduction of a swelling by the de- 
hydration of an unduly hydrated gel or vaiying the amount of dis- 
persion of tlie <'olloi<lal })articles in another part of the system, 
'riius, it is now quite recognised that many of the most familiat 
medicines are crude preparations of a colloidal character in which 
the action of the essential ingredient has been largely obscured by 
the presence of adventitious substances, some of which possess un- 
desirable or even toxic properties. The digestive disturbances caused 
by the administration of iron compounds, the headaches which 
accompany the administration of quinine, and the pain resulting 
from the use of silver compounds are well known examples of the 
interference of some subsidiary ingredient of an otherwise useful 
therapeutic agent. 

Many attempts have been made to avoid these complications. In 
some instances, remarkable results have followed the use of extremely 
dilute (/.(?., fully ionised) solutions; other investigators have sought 
to eliminate the disturbing elements and to ])roduce purer medicines, 
and others again have endeavoured to counteract the irritants by 
using two or more drugs in combination. Each of these methods 
has resulted in a certain amount of progress. For many years, how- 
ever, the essentially colloidal character of the recognised remedies 
was overlooked, and the fact was not realised that before a drug can 
exert its full therapeutic action it must be converted into the 
colloidal state. 

One of the earliest to appreciate the importance of using thera- 
peutic agents in a colloidal state was the late Henry Crookes who, 
in 1911 , after making protracted experiments, found a means of pro- 
ducing stable preparations of colloidal silver, copper, iron and 
mercury which w'ere not precipit;ifed by saline solutions. To these 
he gave th(‘ name “ Oollosols.” Since that time, stable preparations 
of colloidal solutions of sulphur, iodine and manganese as well as 
those of a much inorti complex character including some of the 
alkaloids cocaine, vtc., have been used extensively by leading medical 
iwactilioneis witli wholly satisfactory results. The use of unstable 
colloitlal sols has, on the contrary, been far from satisfactory and has 
led to serious misconceptions as to the value of remedies in the 
colloidal state. 

Owing to their comlition, stable colloidal sols behave in a manner 
quite diJferent from other synthetic medicines. The latter — even 
when <lissociated — contains two distinct groups of substances, one 
positive and the other negative. So far as is at present known, a 
diseased organism is deiicient in either positive or negative ions, or 
it has an excess of one of these kinds of ion and is ’inable to get rid 
of it. The former case is much more common than the latter. The 
natural remedy is the presentsttion of further ions of such a character 
as to make good tlie deiiciency or to remove the excess. If solutions 
*of chemical comi)ounds of a crystalline nature are administered they 
must first be dissociated and the requisite ions will then be available 
for use. The action of the ions wliich are oriposite in character to 
those required by the body may be either disadvantsigeous or neutral, 
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but as their presence is accidental, if it could bo avoiilc*d it would 
clearly be to the benctit of the patient. 

By the use of certain colloidal preparations it is possible to 
attain this desideratum and to restore the organism to its normal 
state of ionisation in a relatively simple manner, Nvithout the com- 
plexities caused by the presence of unwanted ions. Thus, an 
ansemic patient will be assisted by the administration of iron in a 
form in which the amount of htemoglobin in the system can be 
increased, but the administration of excessive doses of an unsuitable 
compound of iron will be useless for this purpose and will be 
detrimental in other waj s, such as disturbing the digestive functions. 
The introduction of a soluble salt of iron into the serum will not 
necessarily increase the amount of ha'inoglobin, though the organism 
has a remarkable power of utilising apparently unsuitable materials. 
Briefly, it does this by first c.vtracting some of the required agent 
(as when ihe gastric juices dissolve the ferrous carbonate in a Blamrs 
pill), then, as the solution is usually very dilute, the agent becomes 
dissociated and the recjuireti ions are utilised by the organism and 
unnecessary ones i)eing evtmtnally di.scharged. It is obvious, how- 
ever, that if a therapeutic agent is pre.sented in the form in which it 
is required — which in tlie case of many sttb.<tances is in the state of 
a colloidal sol — much unnecessary waste of vittil energy is avoided, 
the specific action is more direct tmil ellicient, a loss of time which 
must occur before the Ixxly has effected the preliminary conversion 
is saved, and troublesome, or even dangerous, sidff reactions are 
avoided. 

'J he difference fjetween the action of many medicines and the 
correspomling colloidal sols is remarkai)le. 'I'lius, a 2 j>er cent, 
solution of io<line in either alcohol or potassium iodide stains the 
skin badly, and when administered internally is very liable to give 
rise to iodism. This is avoided by using a coUohlal stdutiou of 
iodine of the same or evtm greater concentration. 

It is, of course, of the utmost importance that colloidal medicines 
shall be in a suitable state. Colloidal gels are of value in certain 
cases, but far more important are the colloiilal sols. The latter are 
dilficu-lt to prepare in a stable form, and unless they are resistant to 
the action of the electrolytes normally j>resent in serum they are use- 
less for therapeutic pui-poses, as they would be precipitated before 
they could eflect the desired purpose. Fortunately, it is easy to test 
the stability of a colloidal sol by" examining it under the ultra-micro- 
scope after mixing it with various solutions in respect of which its 
stability may be questioned. 

Colloidal medicines which have not been prepared in a proper 
manner also decompose on long standing. They then show a precipi- 
tate, the amount of which increases as the decomposition continues. 
Properly-prepared, stabilised colloidal sols are quite permanent. 
The writer has kept collosol iodine and collosol silver for two years 
at a temperature of 70°F., and on examining them under the ultra- 
microscope at the end of this period could observe no difference in 
activity as compared with that of freshly prepared collosol. On the 
other hand, a colloidal silver prejiared by Bredig’s method was feeble 
after four weeks and inert after seven weeks when kept under the 
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saniu conditions. The existence of the agent in a suitable and 
permanent colloidal state is, therefore, essential. 

In a general sense, sols may be stabilised by preparing them in the 
presence of an emulsoid, such as gelatin, which appears to surround 
the particles of sol and renders them less sensitive to salt solutions. 
Such protected sols may be evaporated to dryness and the residue — 
which is usually in the form of dark scales — can be brought back into 
a state of colloidal sols by the addition of water. If such “ dried 
hydrosols ” have been prepared from exceptionally pure materials 
and with unusual care and skill, they form, when dropped into 
water, colloidal solutions in which the sol has the same properties as 
those previous to evaporation. The present writer has found, how- 
evei*, that the commercial “ dried hydrosols ” which he has examined 
(which are sold under a variety of fancy names) have seldom been pre- 
pared with sufficient skill, and therefore do not yield “ solutions ” of 
the same power and therapeutic value as can be obtained without 
evaporation ; the advantage of portability gained by the production 
of the dried product is more than coijnterbalanced by the uncertainty 
as to the strength and activity of the sols produced by adding tap 
water to them in vessels which have not been specially prepared for 
the purpose, and by their instability in the presence of salts. For 
these reasons, he does not favour the use of the dried preparations, 
except in cases where it is impossible to use those which have not 
been dried. • Moreover, the stability of colloidal sols depends more 
on the mode of preparation than on the presence of a stabilising 
agent. Hence, excellent therapeutic results have been obtained with 
some colloids to which no protective has been added. 

It was realised about ten years ago that colloidal sols of certain 
metals inhibit the growth of all known bacteria, and it has since 
been found that they ai-e harmless to the tissues. For this reason 
the use of colloidal sols has an enormous field of usefulness. They 
can be administered orally or injected in any desired quantities 
without any risk of toxication or undue shock to the system. 

The normal effects of colloidal sols on the blood stream is shown 
by the following experiment'^ : — 

“ A rabbit, weighing 1 kilo., was injected with 2 c.c. of collosol 
hydrargyrum in the auricular vein on the 14th of the month ; on the 
16th of the same month 3 c.c. more were injected. There was no 
local reaction, no bad symptoms ; the rabbit did not go off its food. 
On the Kith it was killed by the usual method, viz., chloroform. 
The arterial system of head and neck were perfused with normal 
saline solution (the eyeballs were very tense). The cere bro- spinal 
fluid was extracted under somewhat increased pressure. A post- 
mortem examination of the rabbit showed no change. A sample of 
the urine was taken, and also a slice of the cerebral cortex, which was 
emulsified and allowed to settle. 

“ These three fluids were examined under the ultra-microscope, 
and the observations made were as follows : — 

“ The cerebro-spinal fluid showed a distinct cone, with many 
colloidal particles having a strong Brownian movement. 

* H. Crookes, “ Recent Work on Metallic Colloids, ’’ Journal of Chemical Technologii, 
July, 1915. 
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“ The supernatant fluid from emulsion of the brain section showed 
the cone distinctly with occasional colloidal particles. 

“ The sediment stirred up with sterile water showed many coarse 
particles and a large number of colloidal particles, many havhig a 
green colour with strong Brownian movement. 

“ The urine showed a strong cone of light, no coarse particles, but 
a very large number of colloidal particles with a strong Brownian 
movement. 

“These results prove that when ‘collosols’ are given by intra- 
venous injections they permeate throughout the entire system, and 
that the unutilised or excess portion passes off with the urine.“ 

The toxicity of colloidal substances depends largely on the 
manner in which they have been prepared and on the presence of 
associated substances. If sufficiently pure and suitably stabilised, 
many of them appear to be wholly non-toxic ; but impure or unstable 
preparations are toxic in proportion to their instability or to the 
adventitious substances present. Colloids such as mercury and 
arsenic, which are not normal constituents of the body cells, are liable 
to be toxic in nerve tissue® ; but if wholly in the sol state and 
properly sterilised, their toxic power is insignificant, and they can be 
injected intravenously or intra-inuscularly with impunity, and with 
extraordinarily good results. 

The first effect of injecting a suitable sol into the serum is to 
break up any large protein particles into small ones, thereby increas- 
ing their surface area and activity. After this, the various colloidal 
mat erials react, forming the substances required to effect the necessary 
readjustment of the serum and to restore it and the tissues to a state 
of normality. When parasites are present, the i)rotein })articles in 
the serum appear to attack them by soim* form of surface action, the 
nature of which is not clearly understood though it appears to be 
analogous to the action of staining by aniline dyes. Hence, the 
importance of these protein i)article8 being as small as possible and of 
the metallic colloids in stimulating and accelerating their destructive 
action. 

Expressed in more physico-chemical terms, the blood stream of 
man, like the contents of the cells of all living organisms, is a 
peculiarly sensitive fluid. A slight, alteration in the fluids which 
surround it (in adjacent tissues) and even in its own contents brings 
about changes which are so great as to produce illness or even death. 

Lord Lister^® showed that the introduction of septic material into 
the blood gives rise to the development of large cells or flocculent 
matter which partially decompose with the formation of a thick 
yellow fluid of a highly toxic character. 

Blood serum is, in fact, a typical emulsoid colloid though it is 
characterised by so high a degree of dispersion that it shows the 
Tyndall cone only feebly.” Equally significant is Hardy’s observa- 
tion^® that protein is electro-negative in an alkaline solution and 
electropositive in an acid one. The blood serum in normal health is 

• 

• J. E. K. McDonagh, Brit. Med. Journal, May 19, 1917, p. 64«. 

Collected Papers (1909), ii. iS41. 

** Wiiiterstein, Hand. ('. d. vergl. Phyniologie I, 416. 

>* J. PhijKwl., 1899, 24, 288. 
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jvlkalin^, unci has a prevailing hydroxyl concentration. In many 
diseases this alkalinity is reduced with consequent toxic symptoms. 
To l estore normality it is therefore necessary to reduce the concentra- 
tion of the hydrogen ions or to increase that of the hydroxyl ions. 
The choice between these must depend on other circumstances, and 
especially on the relation of the relative concentrations of the serum 
of the patient in disease and in health. 

An interesting instance of the importance of a knowledge of the 
properties of colloids in the treatment of disease occurs in ansemi^. 
In the simplest case this disease is due to a deficiency of iron in the 
haemoglobin in the blood stream. Haemoglobin is electro-positive, 
and to increase it# amount without disturbing the general character- 
istics of the serum, any iron compound administered must also be 
electro-positive when it enters the blood stream. For this reason 
iron carbonate and hydroxide are useful whilst such compounds as 
ferric chloride which are ■ electro-negative and act as coagulants 
should be avoided. The objection to iron carbonate and hydroxide 
lies in the fact that they are usually converted into ferric chloride 
or analogous compounds by the gastric juices and so largely fail to 
reach their destination in a useful form. 

Colloidal iron, on the contrary not being affected by these juices, 
is able to enter the blood stream in a satisfactory and therapeutically 
active form. 

The retention of an unnecessary amount of any substance in the 
blood stream or tissues tends to induce toxicity. The extremely 
minute size of the particles in the colloidal sols is such that they pass 
readily through the tissues and the chances of their being improperly 
stored in the system are correspondingly^^ minimised. In view of 
the foregoing facts it is not surprising that colloids are coming more 
and more to the front in pharmacology^'*, particularly those which 
approach the state of true solutions. A good example is seen in 
Fischer’s work on oedema*® in which he has sho\trn that oedema 
results from the imbibition of water by certain colloids. 

The choice of a colloidal sol suitable for a particular pathological 
condition must naturally depend on the cause of that condition. 
This can only be ascertained by trial, though certain broad conclu- 
sions may be reached with respect to the chemical behaviour of 
difl'erent substances. In the collodial state, however, many 
substances react entirely differently from what may be regarded as 
their normal behaviour. Thus, colloidal sulphur sometimes acts 
indirectly as an oxidizing agent and both metals and non-metals act 
in a manner which cannot be predicted on general chemical grounds. 

The use of colloidal copper injected intravenously can aggravate 
boils if administered in large doses. In smaller quantities and 
injected intramuscularly, it has the opposite effect, but is far inferior 
to colloidal manganese for this purpose. Indeed, colloidal manganese 

** Sir J. J. Thomeon (Royal Institution, March, 23rd, 1912) stated that one drop 
of a metallic collosol contains more than 1,000,000,000,000 particles of metal which 
cannot be detected by ordinary methods and pass readily through the pores of a 
filter. 

** Forges, KoU. Zeit. 6, 301 (1909). 

>s Baa Odem ; Kine Expt. w. theor. Unterauehg. d. PhyaiologU uud Patholagie 
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A. Legge Roe regards stable colloidal silver as a most useful 
preparation in ophthalmic practice and particularly in cases of 
gonorrhmal ophthalmia, purulent ophthalmia of infants, infected 
ulcers of the cornea and hypopyon ulcer (tapping of the interior 
chamber and cautery and other operative procedures being now 
rarely required, whilst if perforation does occur it is smaller and 
more manageable), interstitial keratitis, blepharitis, dacryocystitis and 
burns and other wounds of the cornea. » J J 

T. H, Sanderson- Wells used it successfully intravenously in a 
ca^ of puerperal septicaemia, without any irritation of the kidneys 
and with no pigmentation of the skin. This physician has found 
intravenous injections each of collosol argentum 
rapid produces no untoward effects and that recovery is 

Malcolm Morris has found that colloidal silver is free from 
the drawbacks of other preparations of silver, viz., the pain caused 

*® ^rit. Med. Joum., Jan. 16, 1916. 

Lancet, Peb. 16, 1918. 
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:inU the discolour; it ion of the skln^'* ; instead of producing irritathtn 
if' has, indeed, ii distinctly soothing effect. It rapidly subdues 
indainmation and promotes the healing of lesions. He has had 
remarkable results in enlarged prostate with irritation of the bladder, 
111 pruritis ani and )>erineal eczema, and in luriinorrhoids. ft can be 
used in the form of supjiosi tones while a solution is applied to the 
irritated skin. In bromidrosis in the axillie and feet it quickly 
gives’ relief. It causes a rapid disappearance of wans. Being non- 
toxic, it can be given internally in urticaria and other forms of 
dermatitis whi,ch are suggestive of toxaemia. In such cases it is 
quickly benelicial. 

In ophthalmology, colloid silver has now largely replaced silver, 
nitrate as its use is free from pain and its action more direct. 

.1. Mark IIoAvell has found colloidal silver beneficial for (perma- 
nently*” restoring the potency of the Bustachian tubes and for 
reducing nasopharyngeal cafurrh. 

Colloidal silver has also been used successfully in septic con- 
ditions of the inouth (including pyorrhoea alveolaris — Rigg’s disease), 
throat (including tonsilitis and quinsies), ear (including Meniere’s 
symptoms and closure to Valsava’s inflation) and in generalized 
septicannia, leucorrha'a, cystitis, whooping cough, and shingles. 
'!\*st8 mado ai King’s College show that colloidal silver has an inhibi- 
five effect qn bacteria equivalent to mercuric chloride, but is non- 
toxie, noil-irritant and harmless to the host.*''“ 

*• A preparation of colloidal silver which is oiiaque to X-rays has 
l»roved invaluahio in certain diagnoses. 

(’oUoif/al mrn-nrji. The curiously dillerent action of mercury 
salts according as they are given in small or large doses and in a 
readily or dillicult soluble form have long puzzled pharmacologists 
It has been generally understood that their action is antiseptic and 
bactericidal, but according to some of tlie best known authorities, the 
chief action of mercury is to iucrease the natural resistance of the 
liody to discasi'. Tbe chief disadvantage of the less soluble mercury 
salts, such as calomel, is their delayed and irregular absoriition, with 
subsequent undesirable results. The soluble mercury salts, on the 
I'ontrary, are dangerous on account of their high toxicity. With 
colloidal mercury, the diffusion is extremely rapid and chemical 
affinity low. Hence the toxicity of colloidal mercury (1 — 2,000) is 
so low that doses of two teaspoonfuls may be taken twice daily or 
intravenous injections of 110 c.c. may be given with impunity. 

Colloidal mercury has cured persistently relapsing malaria in a 
few days.*” 

Some of the colloiiial ])reparations of mercury on the market are 
not suitable for oral administration, but must be injected intramuscti- 
hirly. (’olloidal mercury is chiefly used in syphilis. 

Colloidal iron, according to l^yn Dimond, killed within six 
minutes, such organisms as bacillus typhosus, bacillus coli 
communis and various pyogenic cocci. The solutions seem to have 

Brit. Ued. Journ., May 12, 1917. 

*** Brit, Med, Jovrn., Deo. 15. 1917. 

^^^^Lanoet (3914), p. 

G. Cremonene. (Ttfrr,d, ob/u (191^) 39i 



166 


WKPOKTS ON THK STATE 01<’ S(TENCE. 1918. 


a flefiuite elective l)actericidal sictiou ui)oa Hueli (‘utarrh-cauBing 
organisms as pneumococcus and various strains of the micrococcus 
catarrhalis. Rapid relief followed the topical application of the 
solution in cases of catarrh of tlie nose, larynx or |)harvux. Colloidal 
iron is also used, by snbciitanooiis intraniiiscuiar and intravenous 
injection, in cases of extreme chlorosis, anaemia, erysipelas and 
cellulitis. 

Iron is almost the only metal found in the animal organism whicli 
is also obtainable in a colloidal state in tiie presence of water. The 
significance of this fact has not yet been sutliclently recognised. In 
the .serum, the iron is probably present as a protein compound the 
precise constitution of which has not yet been determined. The 
total iron content of the normal hotly iloes not exceetl ?>7 grains, and 
although several organic compounds of iron havt; been lecomnumdetl 
they are by no means satisfactory, being either too feeble in action 
or too readilj- decomposed in corpure and so rendered useless. 
Inorganic comiiounds of iron are held by many praetitioneir to In* 
the most efficient in what they consider to be the only true 
test of the value of an iron preparation, ail increase of 

haemoglobin in the bbtod. d’he atlininisrration of iron in the 
form of a colloidal sol appears to be a simple means of increasing 
the amount of the protein comi»ound in the serum, as this form of 
iron, when admin i.<tere<l orallj’. is rapidly diffused in the stomach 
and yet it is not absorlieil in individual positions. It is’ found that 
the amino-acids formed during the process of digestion are readily 
able to absorl) into their compK-.v molecule a large jiroportion of the 
iron adminivStered in the colloidal form and from it to effect the 
synthesis of hasmoglobin. This is in marked contrast to the behaviour 
of the carbonate, hydroxide and chloride f>f iron iKstially adminis- 
tered. 

Collttiflaf (intiinonij has been used in conjunction with manganese 
with extremely good resiilt.s in gonococcic infections. In India it has 
given very satisfactory results in Kala-azar, it^ administration in this 
ilisease being accompanied with less risk tlmn that of arsenic. 

OolloUfnl miDKjaneHt' has been used with remarkable and sur- 
prising results in the treatment of coccogenic skin di.sease, including 
deep abscesses, boils ami deep-seated impetigo. In superficial 
impetigo, chronic seborrlioMC eczema and acute folliculitis it is of 
little value when used alone, but gives excellent results when 
employed in conjunction with intramine. The rapidity of its action^' 
combined with the saving of dressings render the use of this form 
of manganese very attractive in deep-seated coccogenic lesions. It is 
usually injected inira-mu.scularly in amounts of c.c. every few 
days. In most cases one injection is sufficient. 

J. E. R. McDonagh" has also used intravenous injections of 

c.c. of colloidal manganese with excellent results in the treatment 
of poisoning by mustard gas (diohlorethyl sulphide) and other cases 
of sulphur poisoning. 

J. E. B. McDonagh, Medical Preen and ('irrular, Dec. -j, 1017; Sir Malcolm 
Morris, Brit. Med. Journ., Apl. 20, lOls 

" .Vediral Werld (1918), p. 137 
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Colloidal roiH}er is useful iu the treatment of boils, though it is 
inferior to manganese for this purpose. In malignant diseases, the 
intra-muscular injection of copper has proved highly benettcial, the 
metal having Ijeon shown to be present in the growth within 24 
iioai'B after injection. Copper is known to have a strong inhibitive 
actioJi on low forms of life. Hersehel, de Gres and others have 
stated that colloidal copper exerts an inhibiting action on all cell 
metabolism. In this connexion it is important to note that cases of 
cancer in which copper can be shown to be present in the growth 
are certainly the ones which are the most amenable to treatment, 
'riio dilliculty lies in causing the copper to penetrate the periphery 
of the cancer. I’essaries of colloidal copper in glyco-gelatin have 
j)roved serviceable for uterine fibroids. 

Colloidal arsenir %) in doses of 2 c.c. has an extraordinary 
eJl'ect in pernicious ana-niia and herpes deformans. The simultaneous 
pj-esence of a litpiid or colloidal prob'in appears to be essential to the 
proi)er reaction of arsenic. Thus, salvarsan se has no action on the 
spirochada pallida, which can move readily for some hours in a 
solution of salvarsan. Yet the introduction of a little serum or 
digested protein will c.iuse their immediate death. The elimination 
of arsenic from the system is usually a matter of difficulty, but in 
the colloidal form its low toxicity combined with the small dosage 
I'cduce th(‘ risk' of its retention to a minimum. 

Colloid ii'alladiion u.cide has been applied successfully in the 
treatment of obesity by injecting it hypodermically into the fatty 
areas.-^-^ 

Colloidal /KtHadi mn sol has proved of \alue in gonorrhea. 

Colloidal nickel has been used in meningitis. 

Iodine was discovered in ItSll. hi the form of an alcoholic solu- 
tion it soon became po])u]a)‘, but was afterwards neglected for many 
years. More recently, it has been brought prominently forward and 
at the present time-' it is almost ihe only chemical antiseptic, except 
alcohol, employed by a large number of llritish surgeons. 

(\dloidal iodine maybe obtained in three forms; (i.) aqueous, 
(ii.) oil and (iii.) paste or ointment, d'he aqueous colloid (1 in 500)' 
contains the element in its most active form, and is suitable for 
administration in all cases in which iodine or an iodide is indicated. 
Its action is more* gradual than that of a solution of iodine, but more 
certain than that of iodides, and there is complete avoidance of 
“ iodism” and nausea. 'I he whole of the colloidal iodine is absorbed, 
whereas <S5 per cent, or more' of the ordinary iodides ailministeretl 
are excreted within 24 hours. 

When injected intravenously, the action of colloidal iodine is 
more I'apid, aiul as much as .‘100 c.c. has been injected with im- 
punity in cas<‘S of pyseinia, and also to effect a softening of fibrous 
tissue, thus showing its absolute non toxicity. Per ae colloidal 
iodine is only slightly parasitotropic and bacteriotropic, but raicro- 

AI. Kauffman, Miincli. Modiz. WocheUNchr , 1913. 

.'Sir H. .1. (lodlee, Lord Lister (1917), 158. 
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organisms ars? very greatly iiitlueuced by its action and the effect of 
a subsequently administered remedy is greatly increased. 

Colloidal iodine is also indicated in syphilis by prior injection, 
and also by internal administration, and in cancer by intravenous 
injection. 

In rheumatism, a piece of flannel soaked in colloidal iodine, 
attached to the positive pole of a battery and applied as near as 
possible to the affected area has been successful. It has also been 
used beneficially as a spray in bronchial and nasal catarrh and 
internally in recovery from alcoholism. 

Colloidal iodine oil (3 per cent.) ivS very useful for eczema and 
other forms of affections and abnormal conditions of the skin. On 
application, the iodine particles penetrate the pores of the skin with- 
out staining the epidermis, the latter being kept supple and soft by 
the hydrocarbon oil in wl}ich the colloidal iodine is exhibited and 
stabilised. Thus, the slaining and hardening etfecjcs of alcoholic 
ami other solutions of iodine are avoided. 

In some cases-’’ of bad chilblains, colloidal iodine oil was rubbed 
in four times a day ; every trace of the condition disappeared in 
four da.ys. Equallj" valuable is Hiis colloid in severe cases of trench 
feed with ulceration and in the many c.ases of (Charcot’s bedsores which 
are so froublesome a complication of spinal injuries in military lios- 
pitals. In the earlier iiiHammatoiw stages of lupus erythematosus, 
before atrophy has supervened, it is far Jiioie suitable than thi*. 
ordinary form of the drug because of the absence of irritation. Simi- 
larly, it is to be preferred fur iiitci*nal administration in the Interstage 
of syphilis, because there need be no fear of iodisrn. I^arasitic affec- 
tions, again, show a striking amenability to this reiiKHl}'. In a case of 
dhobie’s itch (in which the disease liail spread from the groin and 
invaded the ti*unk, legs and arms; under tluMjuite painless application 
of colloidal iodine oil, the extensive lesions all cleared tij) in three 
weeks ; with ordinal y nunedies the ciis(‘ would undoubteilly have been 
more protracted, ami tlie treatment would imwitably have ])ut the 
patient to a good deal of jiain. 

Uolloidal sulphur (1 j>er c«mt. ) has pi'oved invaluable in cases 
w here there is a deficiency of this (dement in the system. The valuti 
of sulphur has long b(*en kiiowm, but the forms in which it is usually 
administered are crude. It has been ne<;essary to (un])loy excessively 
large doses of an insoluble form of Mil])hur or to adininisbu- Hari*o- 
gate water” oj* some ciquivalent am^ unpleasant ]>ri*paratioii of 
h 3 "drogen sulphid(‘. There is little doubt tJiat an insufficiejit amount 
of available sulphur in the system impaii's tlic^ action of the liver, with 
consequent product ion of intestinal jioisoning (constipation, headache, 
arthritis, etc.). 

Oolloidal sulphur is (extremely active, rt^adily combines with 
protein and is entirely absorbed in die stomach. The products of this 
combination are rapidly taken into circulation and those parts of the 
organism for which sulphur is necessary are thus supplied. Ordinary 
sulphur is not absorbed in the stomach al all, and passes practically 
unchanged into the intestines. 

Sir AFalcolm Morris, MetL Jtmrn,, May J 2, 11)17. 
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lu many cases of rheumatism aud neuritis and even in ^‘arthritis 
• leformans ” relief has been rapidly obtained by its internal adminis- 
tration. In acute rhimmatisin, the intravenous iiijection of colloidal 
sulphur has proved beneficial. Colloidal sulphur has also been found 
to increase the tolerance to mercury «in syphilis when administered 
orally, and has given relief in some cases of cancer when injected 
subcutaneously. 

Colloidal sulphur Laths have been of service in rheumatic condi- 
tions aud skin alTectioiis. The collohlal sulphur content in the bath 
is far greater than that of natural sulphur water, and as the bath 
coutaiiiH no impurities or free, sxilphuretted hydrogen it is free from 
tliemaiiy objections associated with the use of natural suli^hur waters. 

Sir Midcolm Morris has found that among the affections in which 
colloidal^'’ sulphur is beneficial are various forms of acne (including 
acne rosacea and seborrlnt^a), generalised dermatitis, acute psoriasis 
and painful librositis, whether of connective tissue, of muscle, or of 
joints. Haths medicated with this colloid are, in his experience, at 
once soothing and (|uiekly curative. 

(U)U<)i(lal (gel)-^ has shown excellent asti’ingent effects 

in various kinds of diairh<e,i and is less toxde than flte bismuth 
compounds usually admin i8t«‘red in sueli ciises. 

Ool/oidal quinine (sol) appears to I)e free from the chief disadvan- 
tages of quinine salts, i)articularly in malaria. 'I’he fact that it is not 
so readily lost in the excretions is im2^ortant as Hartmann and Zila*’** 
have found tlnit less tluin one-third of the quinine salts ordinarily 
administered are retaiuetl by the body aud that the amonnt found in 
the blood after oral administration ilid not exceed per cent, of the 
dose taken. Further investigations are now being made on this 
colloitl. 

Product iun o/' (^oHoidul ItenwdieK. 

The lu’oiluction of colIoi<lal solutions which are sufficiently stable 
to be used in medicine is largely a secret, few of the processes 
having been i)i'otected by Letters Latent. No single method either 
of i)eptisatiou or stabilisation is suitable for all the various sols 
required, and as pi’olonged ami costly investigations ai'e required 
before a really stable sol of liigh therapeutic value can be offered to 
tin* medical professi<*n it is only natural that the manufacturers 
should k<^ep the information to themselves. The general methods 
bj' which <;olloidal sols can be i)roduce(l and rendered more or less 
stable are we-ll known, and as a still larger number of substances is 
reduced to this statti the tiuinber of methods used in their produc- 
tion will also increase. Of the methods which have been disclosed, 
the following are the most important, but it should be observed that 
none of these Pat<mt .S2)ecifications have been taken out b}’^ the 
manufacturers of commercial available colloids used in medicine in 
this country aud that they do not describe the methods used in 
producing the highly stable colloids which have yielded the results 
mentioned in the present report : — 

No. 12,037/1911. F. Arledter, Preparation of sols. 

No. 1219/1912. A. Dering, Preparation of Colloidal Mercury. 

JUd. 

Eng. Pat. 101, (iO'.l. 

Avfh. f. exper. Path, a. Pharatakol. 83i 
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No. 11,771/1912. E. Pudcizus, Preparation of sols. 

No. 14,235/1912. B. Schwerin, Preparation of sols. 

No. 29,049/1912. Ges. f. Elektro-Osmose, Preparation of sols. 

No. 7238/1913. Aktiebol : KolJoid Preparation of Coll«)idal 
Sulphur. 

No. 9237/1914. Ges. f. Elektro-Osmose, Preparation of Collt*idal 
Silica. 

No. 921)1/1914. Ges. f. Elektro-Osmose, Preparation of Metal sols 
with silica. 

No. 15,2()7/1914. Ges. f. Elektro-Osmose, Preparation of Metal sols. 

No. l.%127/19ir). Soc. Cheni. Ind. Basle, Preparation of Golloidal 
tapper. 

No. 104,609 (1917). Monneroii it Guj'e, Preparation of Colloidal 
Alumina gel. 


CoUoifh and SynUtelir (Jompoiaidtt. 


There is no necessary incompatibility between colloidal sols and 
sj’iithetic compounds which ai*e not regarde<l as being in the colloidal 
state. Each of these grouj)s of j'oinedies has its own sphere of 
usefulnes.s, and some of the synthetic drugs are more colloidal than 
is generallj' sopi)osed (see section on Dj'es in the 1917 B. A, Report 
on Colloids). In view, however, of the, large amount of work which 
has been done by Ehrlich and others in the preparation of synthetic 
compounds of arsenic and other metalloids it appears desirable lo 
draw attention to the following facts : — 

The action of synthetic compounds is usually due to their high 
molecular weight and often to the presence of ortho-amino groujts. 
In some cases, a metal or metalloid is separated in colloidal sol 
form in the blood, the remainder of the drug merely serving as a 
vehicle. In others, the whole compo\ind acts as a reducing or 
oxidizing agent. It may or may not be a coincidence that the most- 
elective therapeutic reducing agents contain a metalloid (such us 
sulphur or iodine) whilst the most effective oxidizing agents contain 
a metal. 

In this connexion it is particularly interesting to compare the 
almo.st non-toxic colloidal metals and metalloids with that of th(! 


well known salvarsans and their coTnpoiin<l8 containing phosphorus 
(galyl), platinum, gold, copper or silver. According to Kolle^** the 
following doses are toxic to sy])hilitic rabbits ; smaller doses are 


toxic to the human subject 


Siilvarsan 

Ithric JJih\e f/rm.s. 

Ti)lc rated /Jour 

O'l 

Neo-Salvarsiui ... 

0-2r»-()*3 

0*2 . 

Hexatni no-Sal vai'Miii ... 

— 

0*15 

(talyl 

(M25 

01 

liismethyl-StaiHlard 

0-2.S 

0*22 

Dichlorarsaly te ... 

0-25 

0*2 

Dibrotnarsalyto ... 

... ' 0’:m\ 

o-;s c;0 

Diiodarsaly 

Copper SalvarHun Ki 

— 


0-lM 

0*0:5.') 

Platinum Salvar«-an 

(1*07 

n*u'» 

Gold Salvarpan 

0*08 

0*02 

Silver Salvaimii 


0*1 2ri 
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It is well known that most of these salvarsan compounds 
leteriorate and become more toxio on exposure to air. Thus within 
an hour the toxicity of neo-salvarsan increases to 6 fold, the 
arsalytes within 24 hours increase 2^ times in toxicity, and the same 
applies to the metallic salvarsan compounds. Colloidal metal sols 
do not become toxic, even on prolonged exposure. 

Hexamino-salvarsan in the moderate dose of O-d grm. has pro- 
duced grave symptoms and even fatal results M'^hich led to its 
discontinuance. Gold and platinum salvarsan possess too great a 
toxicity for therapeutic use in man. Silver salvarsan, on the 
contrary, is 2 to 3 times as potent as old salvarsan and it is by far the 
most active form of salvarsan for <lestroying the spirochades in 
rabbit syphilis and in curing the lesions. It has likewise been used 
with excellent results in man in doses of 0’2 to 0*4 grm. Kolle does 
not, state the exact chemical constitution of this substance, but i( is 
highly jn-obable (hat much of tlie silver is in a colloidal state, 
es])eciall\’ as lie found that colloi<lal silver (eollargol) alone in doses 
of O'OH grms. per kilo caused the rapi<l <lisappearance of spirochades 
in the rabbit. 


Ool/oif/s a ml PliytiiitUuiical Kxlraets. 

'riie remarkal)le results which have followed the administration 
of certain fjiysiological extracts (thyioid, ))ituitary, etc.) appear 
to be largely due to the presence, iti them, of sulphur or an 
e(|uivalent element in a suitable form. 

The substitution of carefully pre))ared colloidal sols for such 
extracts largely avoids the risks of irregular and uncertain com- 
position which inevitably acconi])any the use of such extracts. 

PoUonh In Vricrn^arn Pracfire. 

Colloidal silver and suljdiur have yielded excellent results in 
veterinary practice, the former in the treatment of swellings, sprain.'^, 
bruises, wounds, sores, rheumatism, Ihruslt in the feet, fistula, various 
akin diseases and inflammation of the eyes, anfl the latter for cases 
where a deficiency of sulphur is indicated. 


'Plu; Lim iffttions of ('olloids. 

The selection and use of colloidal sols I'oquires the Siune care and 
skill as the administi’ation of any other remedies, but with the great 
advantage of being made specific and rational rather than empiric. 

A word of warning may be expressed as to the use of unstable 
colloids in medicine. A number of colloidal preparations — particu- 
larly of silver and iodine — has been placed on the market whicli 
have not been properly stabilised. The use of these preparations 
has been accompanied by di8ap])ointing results, .as it is essential (as 
previously mentioned) that the colloids exhibited should be stable 
in the presence of serum and saline solutions. 

The failui*e of -numerons colloidal sols of German (and some of 
British) origin created, in some minds, a prejudice against all colloklal 
remedies. The failures have been found, in every case examined, to 
liave been wliolly clue to the method of prei>aratioji. Thus, it has 
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been found that colloidal metals vrepared by Bfedig’s method (dis- 
persion by an electric arc with poles of the desired metal) are 
unsuitable for medicinal purposes, as they are not onlj' unstable 
in themselves, but are rapidly decomposed by electrolytes ju'esent in 
the human organism. Where properly stabilised colloidal sols are 
employed they are as ndiable as any of the pre^iarations in the 
Pharmacopoeia. 

It should be observed that some so-called synthetic remedies are 
found to be colloidal sols, though this is not generally known. This 
has led to some curious mi,sstat«*ments in regard to the relative 
therapeutic values of colloids and synthetic drugs. 

Owing to tin' impossihllity of repre.ssing all side leactions in 
making experiments oh the living subject, pharmacology and 
chemotherapy are among the most inexact of sciences. Yet the 
.success which has attended investigations on tho use of colloids as 
remedial agents is so great as to call for the sympathetic interest of 
all who can appreciate what hiis been accomplished, and affords a 
basis of hope that further developments will be still more beneficial 
to suffeidng humanity. It is highly ])robable. that serum and vaccine 
therapy will ultimately be resolved into questions of colloidal 
chemistry, but in the meantime tho use of colloidal solutions of 
certain elements appears to offer a means wherel)y the various 
colloids can be accurately prepared and administered wjtli a higher 
degree of efficiency than is possible with some of the more complex 
synthetic compounds at present in use. 

The ever-increasing use of colloidal sols in military and private* 
practice is a certain indication of their value, and among the indirect 
results of the World War, the facilities which it has given for the 
investigation of many hitherto obscure problems of disease and the 
opportunities which it has afforded for ascertaining the value and 
rationale of many new remedie.s, Avill be among the blessings of a 
catastrophe which is, otherwise, too awful to conteTn])late. 

Literature. 

The literature mi the applications of colloid chemistry to biology 
and physiology,^" and in the ‘‘ Kolloidchemie Beihefte,” “Kolloid 
Zeitschrift,” and “ Bioclieniische Zeitschrift ” should be consulted. 

Papers on the application of colloids in therapeutics also appear 
frequently in the “British Medical Journal,” “The Practitioner,” 
“The Lancet,” and various foreign medical journals. Notwithstand- 
ing the voluminous literature on the general subject a vast amount 
of research into details remains unexplored. In the prosecution of 
further work, it is well to recall the words of a former president to 
the effect that “ Medicine is no unworthy ally of the British Associa- 
tion and while her practice is eVer more and more based on Science, 
the ceaseless efforts of her votaries are ever largely adding to the sum 
of abstract knowledge. 

See “First Report on Colloidal Chemistry,” British Association, 1917, jij). H.i, S(;. 
Alfo jirosent Report, pp. 117-154. 

Sir .T. Lister. "Interdependence of. Science and the Healing Art.” I’resiilential 
address to Brit. Assn., 1896. 
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